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Pasadena,  Calif.,  July  5,  1923. 

Hon.  Geo.  W.  P.  Hunt, 
Governor  of  Arizona, 

(Through  State  Water  Conuniasioner,  Vernon  Vauglin), 

Phoenix,  Arizona. 

The  Arizona  Engineering  Commiasion,  which  was  ereated  for  the 
purpose  of  determining  the  amount  of  land  in  Arizona  that  may  be 
feasibly  irrigated  with  the  waters  of  the  Colorado  Biver,  submits  here- 
with its  report. 

E.  C.  LaBue  has  inserted  coneluirions  and  reeommendations  regard- 
ing the  adequacy  of  the  water  supply  and  the  need  for  action  to  safe- 
guard, if  possible,  Arizona  *s  interests  in  the  waters  of  the  Colorado 
Kivei.    Jn  all  other  matters  the  Commission  is  in  full  agreement 

Bespeetfully  submitted, 

E.  C.  LaRUE,  (Chairman) 

Hydraulic  Engineer, 

U.  S.  Geological  Survey, 

Pasadena,  Calif. 

POETER  J.  PRESTON, 
Project  Manager, 
U.  8.  Reclamation  Serviee, 
Yuma,  Arizona, 

IL  IL  TUBNEB, 

Irrigation  Engineer  with 

Arizona  State  Water  Cmnmissioner, 

Phoenix,  Arisona. 
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In  this  report  will  be  found  a  brief  description  of  each  project  in- 
vestigated, a  suggested  plan  of  development,  the  location  and  extent  of 
areas  that  may  be  irrigated,  with  conclusions  and  recommendations  re- 
garding the  feasibility  of  the  projects  and  the  need  for  further  inves- 
tigations. These  data  are  supported  by  more  detailed  information  given 
in^'the  Appendices.  The  reader  who  wishes  to  study  the  report  in  detail 
should  look  up  all  references.  The  pictures*  will  be  foond  in  a  separate 
album,  designated  Appendix  B. 

(^)  (Pit-tures  referred  to  in  this  report,  both  in  the  text  and  on 
certain  of  the  maps,  have  been  omitted  from  this  publication  as  a  matter 
of  economy.) 
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INTBODUCnON 

Purpose  of  Beport 

The  purpose  of  this  report  is  to  show  how  much  land  in  the  State 
of  Arizona  can  be  irrigated  with  the  waters  of  the  Colorado  River. 

The  Arizona  Engineering  Commission  wishes  the  reader  to  keep  in 
mind  that  this  is  a  reconnaissance  report.  The  sum  of  $18,000  was  made 
available  to  the  Commission,  while  a  report  to  determine  definitely  the 
feasibility  of  the  projects  under  consideration  would  require  a  topo- 
graphical survey  covering  a  large  region,  which  survey  alone  would  cost 
from  $250,000  to  $300,000,  The  Commission  made  such  surveys  as  were 
deemed  necessary  to  determine  whether  or  not  the  respective  projects 
have  sufficient  merit  to  justify  a  further  expenditure  of  money  on  de- 
tailed surveys  and  reports. 

AutitMdty 

The  Arizona  Engineering  Commission  was  created  by  State  Water 
Commissioner,  W.  S.  Norviel.  For  authority  of  State  Water  Commis- 
sioner, see  Session  Laws  of  Arizona,  1922,  (Special  Session),  Chapter 
42,  Section  43, 

VmmmaA  of  OoauaiMtoni 

The  personnel  of  the  Commission,  which  was  organized  August  15. 
1922,  is  as  follows:  - 

E.  C.  LaRUE  (Chairman), 

Hydraulic  Engineer, 
U.  8.  Geological  Survey, 
.   .  Pasadeni^  OaUf  . 

POETER  J.  PRESTOX, 

,,r  Project  Manager, 

U.  S.  Reclamation  Service, 
Yuma,  Arisona. 

H.  E.  TURNER, 

Irrigation  Engineer  ^yith 
..  -»     Arizona  State  Water  Commissioner, 
Phoenix,  Arizona. 

Acknowledgments 

The  plan  to  iirigate  several  million  acres  of  land  in  Arizona  hj 
diverting  the  Colorado  River  at  or  near  Boulder  Canyon  was  first  pre- 
^  seated  by  R.  M.  Stene,  in  September,  1920.  (See  Arizona  Republican, 
issue  of  ^September  26,  1920).  At  a  later  date  a  study  was  made  of 
tliis  project  by  Robert  H.  Williams  of  Phoenix.  George^  H.  Maxwell, 
Executive  Director  of  the  National  Reclamation  Association  has  taken 
the  lead  in  the  work  of  informing  the  people  of  Arizona  regarding  the 
possibility  for  developmMt  on  the  Lower  Colorado.  P.  E.  Helm  of 
Phoenix,  speaking  in  behalf  of  a  number  of  business  men,  has  in- 
formed the  Commission  as  to  the  character  of  the  investigation  desired. 

Various  plans  have  been  sugg^ted  for  bringing  the  waters  of  the 
Colorado  to  lan^"' in  Arizona.  Every  suggestion  presented  has  been 
investigated  by  the  Arizona  Engineering  Commission.  The  Commission 
wishes  to  express  its  appreciation  of  the  assistance  rendered  by  the 
above  named  gentlemen. 
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The  Commission  is  indebted  to  Prof.  6.  E.  P.  Smith  of  the  Uni- 
versity of  Arizona,  who  offered  suggestions  regarding  a  plan  to  re- 
claim low  lands  lying  on  the  north  and  south  side  of  the  Gila  River  by 
Deans  of  a  dam  and  pumping  plant  to  be  located  ou  the  Colorado  Eiver 
a*  Coiopah  point. 

The  Commission  is  indebted  to  E.  Boss  Householder  and  L.  H.  Fos- 
ter of  Kingman^  \vho  assisted  the  Commission  in  planning  its  work  in 
Mohave  County.  The  officers  of  the  Gila  Water  Company  assisted  the 
Commission  by  furnishing  ma])S  of  its  ])rojects  and  definite  information 
regarding  the  foujidatioji  ;nid  physical  conditions  at  the  Gillespie  dam. 

In  the  desert  region- southwest  of  Ajo  there  are  no  settlements  what- 
ever and  but  few  places  where  water  can  be  obtained.  The  Commis- 
sion wishes  to  express  its  appreciation  for  the  assistance  rendered  by 
Mr.  T.  Hicklin,  superintendent  of  the  TUeson,  Cornelia  ft  Gila  Bend 
Bailroady  in  planning  the  desert  work  near  the  Mexiean  boundary, 

JField  Work 

Actual  field  Avork  was  begun  by  the  Commission  in  September,  1922, 
and  completed  in  M^y,  192)^.  The  first  work  undertaken  was  that  of 
running  a  line  from  Castle  Dome  plain  east  and  on  the  north  side  of 
Gila  Biver  to  determine  how  much  land  could  be  irrigated  under  the 
600  foot  contour. 

All  possible  dam  sites  and  irrigable  land  adjacent  to  the  river  on 

the  Arizona  side,  l^etween  the  mouth  of  the  Virgin  River  and  Yuma, 
were  investigated  during  the  period  October  20-Noveniber  18,  3^22.  Two 
motor  boats  were  used,  the  Commission  being  assisted  by  three  addi- 
tional men.    Surveys  were  made  when  deemed  necessary. 

Tlie  second  part  of  the  investigation  consisted  of  the  work  of  de- 
termining an  apx)roximate  location  for  a  high  line  canal  and  the  loea-  * 
tion  and  extent  of  lands  which  might  be  irrigated.  A  further  study,  in 
tlie  field,  was  made  of  the  plan  tO  divert  the  water  at  a  dam  on  the 
Colorado  River  above  Parker,  the  gravity  canal  to  lead  to  Lighthouse 
Kock  where  the  water  would  be  pumped  200  feet  to  reclaim  lands  north 
and  south  of  Gila  River. 

In  carrying  on  this  work,  the  Commission  was  assisted  by  four  to 
eight  additional  men.  These  investigations  were  ccaupleted  during  the 
first  week  in  May,  1923.  Briefly  stated,  the  investigation  consisted  of 
making  sufficient  surveys  to  determine  with  fair  accuracy,  the  posi- 
tion of  possible  high  or  low  line  canals.  About  200  miles  of  line  were 
run  in  tlie  vicinity  of  the  Williams  River,  where  topography  was  taken 
at  two  possible  dam  sites  in  the  canyon  of  the  Williams  River,  and  the 
flowage  line  of  the  Williams  River  reservoir  site  was  surveyed. 

Below  the  Williams  River,  surveys  were  made  to  determine  the 
area  of  land  which  could  be  irrigated  in  Bouse  and  Quartzsite  valleys, 
the  Centennial  Valley  and  large  areas  north  and  south  of  the  QQti  Biver, 
below  the  OUlespie  dam.  lu  all  more  than  1,000  miles  of  line  were 
surveyed- 

Office  Work 

The  office  work,  which  was  completed  in  about  two  months,  re- 
quired the  services  of  from  four  to  seven  engineerg.   The  greater  part 

of  this  time  was  spent  in  |)lotting  the  surveys,  measuring  the  areas  of 
irrigable  land,  designing  stiu<'tures,  eom]>utino-  yardage  of  earth  and 
rock  throughout  the  entire  system  and  estimating  the  cost  of  the  pro- 
jects. 

Sonderegger  and  Hiucks,  consulting  engineers,  Los  Angeles,  assisted 


ENGINEERING  COMMlfefcsiOX 


13 


by  X.  Bostwick,  designiu^  engineer,  j  repared  the  designs  for  all  struc- 
tures, iiududing  dams,  si|dions,  waste  ways,  tunnel  and  canal  sections. 
This  fiiin  also  assisted  with  the  work  of  estimating  the  cost  of  the  irri- 
gation system. 

PROJECTS  XHVBSTIQATBD 

General  Statemmit 

It  should  be  kept  in  mind  that  the  investigations  made  by  the  Ari- 
zona Engineering  Commission  covered  only  the  Arizona  side  of  the 
Colorado  River.  This  being  a  reeonnaissance  investigation,  tlie  Com- 
mission made  only  such  surveys  as  were  deemed  necessary  to  show  with 
fair  accuiacy  the  jiossibilities  for  de\  elo])ineiit.  Tlu*  descrijitiou  of  a 
number  of  projects  will  be  given,  together  with  recommendations  as  to 
whether  or  not  these  i>rojeets  have  sufficient  merit  to  justify  the  further 
expenditure  of  money  on  detailed  surveys. 

Cottonwood  Valley 

Between  Black  riiiiyon  and  Pyramid  Canyon,  there  is  an  ojien  l>asin 
about  30  miles  long,  the  central  part  of  which  is  known  as  Cottonwood 
Valley.  This  valley  is  located  apjiroximately  50  miles  north  of  Needles 
and  30  miles  north  of  Mohave.  Eldorado  Ferry,  Davis  Mountains,  Bound 
Island  and  Eagle  Eock  are  located  in  the  basin  of  Cottonwood  Valley. 
See  pictures  2(),  27,  28,  29,  30,  31,  32  and  33. 

On  the  Arizona  side  of  the  river  opposite  Eldorado  Cnnvon,  there 
is  a  small  tract  com])risiny-  about  ^^00  acres  of  irri-^able  land,  which  could 
be  ie<  lainied  by  pumping.  It  would  be  necessary  to  lift  the  water  from 
20  to  MO  feet. 

Three  niiles  below  Eldorado  Canyon  on  the  Arizona  side,  there  is 
another  small  tract,  comprising  about  200  acres  of  irrigable  land,  which 
could  be  reclaimed  with  a  pump  lift  of  about  30  feet. 

Continuing  down  the  river  there  are.no  irrigable  lands  on  the  Ari- 
zona side  until  we  pass  Bound  Island  and  the  short  stretch  known  as 
Eagle  Bock  Canyon.  Eagle  Eock  Canyon  is  located  at  the  head  of  Cot- 
tonwood Valley  i)roper.  In  Eagle  Rock  Canyon,  conditions  appear  to  be 
favorable  for  *a  diversion  dam  site.  (Picture  32).  Sufficient  surveys 
weie  made  to  determine  the  cross  section  at  the  dam  site.  (See 
Eigure  1). 

If  the  conditions  :it  Bulls  Head  Bock,  (Picture  42).  22  miles  below 
Eagle  Eock  Canyon  are  found  to  be  unfavorable  for  a  diversion  dam,  it 
may  be  advisable  to  determine  the  character  of  the  foundation  at  Eagle 
Roek  by  diamond  drill  borings.  If  a  diversion  dam  were  built  at  Eagle 
-  Bock,  about  5,000  acres  of  land  could  be  irrigated  on  the  Arizona  side 
in  Cottonwood  Valley.  The  main  body  of  land,  however,  would  be  lo- 
cated in  Mohave  Valley  below  Pyramid  Canyon.  This  possible  develop- 
ment will  be  referred  to  later. 

Considering  Cottonwood  Valley  ]>roper,  below  Eagle  Eock  Canyon, 
(Picture  33),  about  200  acres  of  bottom  laiid  are  now  bein^^  irrigated. 
By  installing:!'  a  i»iinipiii*i  jdant  near  the  head  of  the  valley  to  raise  the 
water  about  40  feet,  approximately  3,000  acres  could  be  irrigated  in  this 
A  allev  on  the  Arizona  side.  The  bottom  lands  in  Cottonwood  V^ey  are 
bordered  on  the  enst  by  a  detrital  wash  plain,  (Pictures  33,  34).  At  the 
head  of  the  valley,  possibly  1,000  acres  could  l)e  irrigated  on  the  mesa 
by  lifting  the  water  80  feet.  The  remainder  of  the  detrital  wash  idain 
boidering  Cottonwood  A'alley  is  cut  by  many  washes  and  is  deemed  un- 
suitable for  agricultuial  purposes. 
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SUMMABY  OF  IBBIOABLB  IJOIDS 
IN  OORONWOOD  VAIiUBT,  ABIE. 


Irrigable  Irrigable 
by  Gravity  by 
System  Pumping 


acres         ft.  Acres 

Opposite  Eldorado  Canyon                                  0          20-30  300 

3  mUes  below  Eldorado  Canyon                         0             30  200 

Cottonwood  Valley  below)                                0             40  3000 

Eagle  Bock                    )   80  lOQQ 


TOTALS    0  4500 


MOHAVE  VALLEY 

The  MoliJivo  Valley  is  a  large  basin  extending  from  Bulls  Head  Rock 
in  the  Pyramid  Canyon  to  the  Needles  Peaks,  a  distance  of  about  35 
miles.  The  center  of  the  basin  is  occupied  by  a  broad  flood  plain,  hav- 
ing an  area  of  more  than  50,000  acres.  This  is  bordered  on  both  sides 
by  terraced  gravel  bluffs,  from  wbich  long  graded  alluvial  slopes  ex- 
tend to  the  bordering  mountains,  j<^ning  the  slopes  at  altitudes  of  2500 
to  3000  feet,  (See  Figure  2). 

Bulls  Head  Unit 

Beginning  about  one  mile  below  Bulls  Head  Eock  there  is  a  narrow 
strip  of  land  on  the  Arizona  side  of  the  river,  about  three  and  one-half 
mUes  long.  About  500  acres  could  be  irrigated  with  a  pump  life  of  ap- 
proximately 25  feet.  For  convenience  we  have  called  this  Bulls  Head 
unit* 

Hardyville  Unit 

Immediately  north  of  Fort  Mohave  at  Hardyville,  (Picture  43)  there 
is  a  tract  of  land  comprising  2,300  acres,  which  could  be  irrigated  by  a 
pump  lift  ranging  from  20  feet  to  80  feet,  (See  Figure  2). 

Fort  Mohave  Mesa 

The  Fort  Mohave  Mesa  begins  at  the  Fort  Mohave  Indian  School 
and  extends  in  a  southeasterly  direction  for  a  distance  of  about  6  miles, 
(Picture  44).  The  mesa  comprises  an  area  of  about  6,300  acres,  whidi 
are  classed  as  irrigable.  Approximately  one-half  of  this  area  could  be 
reclaimed  by  lifting  the  water  60  feet.  To  reclaim  the  remainder  of  the 
tract  would  require  a  maximum  pump  lift  of  about  150  feet.  The  loca- 
tion of  the  Fort  Mohave  Mesa  is  shown  on  Figure  2. 

The  main  Moliave  Valley  comprising  the  bottom  lands,  extends  from 
Fort  Mohave  on  the  north  to  Topoek  on  the  south,  a  distance  of  about 
25  miles,  with  a  maximum  width  of  about  5  miles.  Several  attempts 
have  been  made  to  reclaim  these  bottom  lands.  Perhaps  the  most  ex- 
tensive irrigation  works  were  constructed  in  1910  by  the  Cotton  Land 
Company.  It  is  said  that  more  than  $350,000  was  spent^  by  this  Company 
in  building  levees  and  constructing  canals.  These  levees  were  later  de- 
stroyed. Some  money  was  spent  by  the  United  States  Indian  Service  to 
reclaim  a  small  area  of  bottom  land  near  the  Fort  Mohave  Indian 
School.  The  irrigation  works  have  been  abandoned  and  at  the  present 
time  (1923)  practically  no  lands  are  being  irrigated  in  the  Mohave  Val- 
ley.     For   a   detailed   description   of   the   Fort   Mohave  Indian 
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Beservatioii,  sec  Appendix  A,  Hearings  Before  the  Committee  on  Irri- 
gation of  Arid  Lands,  House  of  Eepresentatives,  Sixty-Seventh  Con- 
oress,  Scond  Session  on  II.  E.  11449  by  Mr.  Swing.  ^ 

Figure  2  shows  the  bottom  lands  of  Mohave  VaUey,  which  may  be 
irrigated  by  gravity,  provided  subBtantiai  diversion  works  cam  be  con- 
strncted  in  the  Colorado  Kiver  near  Fort  Mohave.  During  unusual  high 
water,  these  lands  are  subject  to  overflow.  It  would,  therefore,  be 
necessary  to  construct  a  system  of  levees  to  protect  the  irrigation  works. 
AVhen  the  floods  of  the  Colorado  River  are  prevented  by  the  construc- 
tion of  flood  control  works  above,  it  will  no  doubt  be  feasible  to  reclaim 
the  bottom  lands  in  Mohave  Valley.  The  area  of  bottom  lands,  which 
may  thus  be  reclaimed,  is  about  24,000  acres. 

SUMMABY  OP  lEEIGABLE  LANDS  IN  MOHAVE  VALLEY, 

ASIZONA 


Unit 


Irrigable 

by 
Gravity 
System 


Irrigable  by 
Pumping 


Lift 


Area 


Bulls  Head  Tnit 
Hardyville  Unit 
Fort  Mohave  Mesa 
Mohave  Valley  bottoms 


acres 


0 

0 

24,000 


feet 

25 
20-  80 
60-150 


acres 
500 

2,300 
6,300 
0 


TOTALS 


24,000 


9,100 


The  land  in  the  above  table,  together  with  5,000  acres  in  Cotton- 
wood Valley,  making  38,000  acres  in  all,  could  be  irrigated  by  -rnvity 
if  a  diversion  dam  to  rnise  the  Avater  100  feet  Avere  constructed  ni  Eagle 
Bock  Canvon.  The  main  canal  from  Eagle  Eock  to  Fort  Mohave  mesa 
^^■ouh\  be  about  40  miles  long.  On  account  of  the  rough  topography  on 
the  Arizona  side  bordering  Pyramid  Canyon,  possibly  15  miles  of  the 
main  canal  would  be  in  tunnel.  The  balance  of  the  main  canal  would 
pass  through  a  detrital  plain  cut  by  washes.  Such  a  ennal  would  be 
nther  expensiye.  It  is  not  likely  that  this  plan  of  development  to  re- 
claim 38,000  acres  would  be  feasible  unless  a  considerable  amount  of 
])owor  could  be  developed  at  the  diversion  dam.  The  project  is  men- 
tioned here  only  as  a  possibility. 

Blankeuship  Valley 

At  the  lower  end  of  Mohaye  Canyon,  (Picture  49,  50)  8  miles  l)elow 
Topock  (Picture  46)  there  is  a  small  basin  on  the  Arizona  side  of  the 
riyer  known  as  Blankenship  Valley.  The  head  of  the  valley  is  m^ked 
bv  a  large  rock  on  the  left  bank  of  the  river,  80  or  90  feet  in  height, 
(Picture  52).  Due  to  the  many  washes,  the  lands  in  Blankenship  \  alley 
are  not  first  class.  However,  at  some  future  time  it  may  be  feasible  to 
reclaim  possibly  800  acres  in  this  valley  by  the  installation  of  a  pump- 
ing plant  at  Mohave  fiock  to  raise  the  water  oO  feet,  see  Figure  3. 

Caiemtiiii0vi8  Valley 

Immediately  below  Blankenship  Valley  there  is  a  comparatively 
large  basin  on  both  sides  of  the  river  known  as  the  Chemehuevis  Valley. 
L^ng  on  both  sides  of  the  river  near  the  lower  end  of  this  valley  are 
several  tliousand  acres  of  land,  which  may  be  reclaimed  by  irrigation. 
(Pictures  55,  56,  58,  59,  60).  Near  the  head  of  Chemehuevis  Valley  the 
elevation  of  the  water  surface  of  the  Colorado  Eiver  at  low  water  is 
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W-  t'.s't  above  sea-level.  Tliis  point  is  H  miles  by  river  l»elow  Mohave 
Kock.  A  ]>uiniiinjr  ])laiit  located  near  this  point  to  raise  the  water  to 
elevaTioii  4M)  to  475  feet  above  sea-levei,  would  make  possible  the  irri- 
gation of  4,400  acres  of  land  on  the  Arizona  side  of  the  river.  Of  this 
area  about  3,000  acres  are  bottom  lands  and  1,400  acres  mesa  land,  all 
first  class.    (See  Figure  3). 

Below  Chemehuevis  Valley  for  a  distance  of  25  miles,  the  Colorado 
Kiver  ))a3ses  thronol\  the  Whipple  Mountains.  The  mountains  extend  to 
the  river  on  both  sides  until  the  Parker  Valley  is  reached. 

Parker  Valley 

All  of  Parker  Valley  is  embraced  within  the  boundary  of  the  Colo- 
rado Eiver  Indian  Reservation.  A  definite  plan  for  the  irrit>ation  of  a 
iH't  area  of  104,000  acres  of  bottom  lauds  on  the  Parker  Indian  Reserva- 
tion has  been  -worked  out  by  the  i )e|)artiiient  of  Interior,  U.  Indian 
l;ii^;iTi(tii  Sorvit  o.  A  complete  report  on  this  project  is  ])ublislied  in 
Ai»pendix  A,  llearin<;s  Before  the  Conunittee  on  Irrigation  of  Arid 
Lauds,  House  of  Representatives,  Sixty-Beventh  Congress,  Second  Ses- 
sion, Hearings  on  H.  B.  11449  by  Mr.  Swing.  As  of  date  1920,  the 
Chief  Enuinecr  of  the  IT,  8.  In^an  Irrigation  Serviee  has  estimated 
that  a  coiiijilete  <iravity  irri^ntion  system  to  supply  water  to  a  net  area 
ot'  104, (MM)  acres,  inchuliu^  a  jiernianent  concrete  diversion  dam  across 
the  Colorado  River  could  be  built  for  .t7,2;U,000.00  or  at  a  cost  i)er  acre 
of  $(»i)..*30.  lu  addition  to  this  area,  which  may  be  reclaimed  by  a  grav- 
ity system,  a  tract  comprising  about  6,000  aeres  on  the  Parker  mesa  may 
be  irrigated  by  pumping.  It  would  be  necessary  to  lift  the  water  about 
loO  feet.   (See  Plates  I  and  II,  in  Pocket). 

Cibola  Valley 

Cibola  Valley  is  situated  on  the  Arizona  side  of  the  river  in  Yuma 
County.  It  is  about  20  miles  south  of  the  lower  end  of  the  Parker  Val- 
ley and  is  across  the  river  from  the  lower  part  of  Palo  Verde  Valley. 

Jn  1913,  the  land  owners  in  Cibola  Valley  formed  an  irrigation  dis- 
trict. A  complete  irrigation  and  levee  system  was  laid  out  and  bonds 
were  voted  for  its  construction.  At  the  present  time  (1923)  practically 
no  lands  have  been  reclaimed  in  the  valley. 

When  the  floods  of  the  Colorado  Biver  have  been  placed  under  con- 
trol by  the  construction  of  storage  works  above,  it  will  then  be  praeti* 
cable  to  irrigate  about  16,000  acres  in  Cibola  Valley.  In  the  past  this 
valley  has  been  subject  to  overflow,  but  with  the  river  under  control,  no 
doubt  tin*  ^'al!ey  could  Ite  ]irotccted  at  reasonable  expense  by  the  con- 
struction of  a  ])ermanent  levee  system.  (See  Plates  I  and  II  in  Pocket). 
Miscellaneous  Projects 

A  careful  examination  was  made  of  the  Arizona  side  of  the  river 
between  the  month  of  the  Virgin  River  and  Eldorado  Ferry.  Through- 
out this  distance,  mountains  or  bluffs  rise  from  the  river's  edge.  In 
this  section  there  ar(*  no  irrigable  lands  on  the  Ariz(»na  side.  (Pictures  1, 
2,  3,  4,  5,  6,  1,  8,  9,  10,  12,  13,  14,  15,  Ki,  17,  18).  Between  Eldorado 
I'erry  and  the  lower  end  of  Cibola  Valley,  all  irrigable  lands  including 
isolated  traets  of  200  aeres  or  more  have  been  referred  to  in  the  preeed- 
ing  pages. 

Between  Cibola  Valley  and  Laguna  dam  there  are  a  number  of 
small  tracts  of  bottom  land  on  the  Arizona  side,  which  may  be  re- 
claimed by  low  })umii  lifts,  ])rol»ably  less  than  20  feet.  An  estimate  of 
Ihe  area  of  these  tracts  of  bottom  land  is  based  on  a  map  prepared  by 
the  U.  S.  Reclamation  Service  in  June,  1912.  The  aggregate  area  of 
bottom  land  on  the  Arizona  side  of  the  river,  classed  as  irrigable  be- 
tween Cibola  Valley  and  Laguna  dam  is  3,400  acres. 
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8UMMA&Y  or  NET  lERIGABLE  AEEAS  IN  AEIZONA  BELOW 

BOULDER  CANYON 

(Low  lands  adjacent  to  the  river) 


Unit 


Irrigable  Areas 
Gravity       Pumping  Total 
Aeres  Acres  Acres 


Opposite  Eldorado  Canyon 
3  miles  below  Eldorado  Canyon 
Cottonwood  Valley 
Mohave  Valley 

Bulls  Head  Unit 

Hardyville  Unit 

Ft.  Mohave  mesa 

Mohave  Valley  Bottoms 
BJankenship  Valley 
Chemehuevis  Valley 
Parker  Valley 
Cibola  Vriley 

Miscellaneous  tracts  between 
(4bola  Valley  and  Laguna  Dam 
^'uma  project  


0 
0 
0 

0 
0 
0 

24,000 
0 
0 

104,000 
0 

0 

54,000 


300 
200 
4,000 

500 
2,300 
6,300 
0 
800 
4,400 
6,000 
16,000 

3,400 
61,000 


300 
200 
4,000 

500 
2,300 
6,300 
24,000 
800 
4,400 
110,000 
16,000 

3,400 
115,000 


TOTALS 


182,000 


105,200 


287,200 


PABXBft-GOLA  YAIXET  PBOJSCT 

There  is  a  section  on  the  Colorado  River  about  %  of  a  mile  above 
the  Colorado  Eiver  Indian  Reservation  where  the  conditions  appear  to 
be  favorable  for  the  construction  of  a  combination  diversion  and  power 
dam.  See  Plate  III,  in  pocket.  (Pictures  66,  67,  68).  ^  The  elevation  of 
the  water  surface  at  the  dam  site  during  low  water  is  358  feet  above 
sea  level.  For  the  purposes  of  this  report,  we  have  assumed  that  a  dam 
tan  be  built  to  raise  the  water  to  elevation  457.  Starting  from  the 
dam  at  elevation  440,  canals  could  be  constructed  on  both  the  California 
and  Arizona  side  of  the  river.  A  considerable  acreage  eould  be  re- 
claimed in  this  manner.  With  a  pump  lift  not  to  exceed  200  feet,  more 
than  700,000  acres  could  be  irrigated  on  the  Arizona  side  and  310,000 
acres  on  the  CaUfomia  side.    (See  Plate  n  in  Pocket). 

The  plan  of  development  would  be  as  fothnrs: 

Arisona  Lands 

On  the  Arizona  side  the  main  canal  leading  from  diversion  dam  to 
a  point  about  two  miles  south  of  Parker,  would  carry  sufficient  water 
to  irrigate  about  752,000  acres,  water  for  about  12,000  acres  on  the 
mesa  east  of  Parker  having  been  supplied.    At  a  point  on  the  mesa 
about  two  miles  south  of  Parker,  sufficient  water  to  irrigate  a  net  area 
of  about  104,000  acres  of  bottom  land  would  be  dropped  utilizing  a 
head  of  80  feet  for  power  purposes.    From  this  power  plant  south  to 
Cibola  Valley,  the  main  canal  would  carry  sufficient  water  to  irrigate 
648,000  acres.    At  Cibola  Valley,  water  for  the  irrigation  of  16,000 
acres  of  bottom  land  could  be  dropped,  utilizing  a  head  of  about  150  feet 
for  power  purposes.  From  Cibola  Valley  to  a  point  6  miles  northeast  of 
Lighthouse  Rock,  the  main  canal  would  have  a  capacity  sufficient  to 
serve  632,000  acres.    At  Lighthouse  Rock,  (Pictures  76,  77,  78,  79,  80) 
the  water  would  be  lifted  200  feet,  or  to  elevation  600  feet  above  sea- 
level.    The  pumped  water  would  be  carried  through  Lighthouse  Rock 
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tiniiiol  about  16  miles  long,  to  a  point  in  the  valley  5  miles  nortU  of 
Castle  Dome  Landing.    See  Profile  Figure  4. 

Three  plans  for  irrigatiu^r  j-nuls  on  the  north  and  south  side  of  the 
t.ila  hiver  wore  eousider.Ml.  I'nder  the  first  plan  studied,  the  water 
would  be  earned  on  the  nortii  side  of  Gila  River  to  Sentinel  dam  site, 
where  by  means  of  a  siphon,  the  water  would  be  earried  to  tlio  south 
side  to  a  canal  leading  as  far  west  as  the  Gila  Mountains.  Under  this 
plan  about  468,(inn  u  res  could  be  irrigated.   See  plates  I  and  II. 

Under  another  plan,  the  water  for  lands  on  the  south  side  of  the 
(cila  Kiver  would  be  earried  to  a  point  near  Mohawk  bv  means  of  a  12 
mile  spilioii.  From  Moliawk  the  water  would  be  earried  both  east  and 
west  to  reach  the  lauds  on  the  south  side  of  the  river. 

Hie  third  plan,  and  the  one  which  may  be  the  best,  provides  for 
j he  construction  of  a  siphon,  crossing  the  Gila  Biver  at  Dome.  The 
lands  on  the  north  side  of  the  river  would  be  irrigated  from  a  canal 
which  would  end  near  Sentinel  dam  site.  At  Dome  sufficient  water 
would  be  carried  across  tlie  Gila  to  redaiin  430,000  acres  on  the  south 
Side  of  the  river.  This  plan  includes  the  irrigation  of  100,000  acres  on 
the  Yuma  mesa  and  330,000  acres  on  the  south  side  of  the  Gila  between 
Dome  and  Sentinel  dam  site. 

Only  meager  data  are  available.  It  was,  therefore,  not  possible  to 
go  into  much  detail  in  attempting  to  estimate  the  cost  of  irrigating 
huHls  in  The  (iiia  \  alley  under  the  three  plans  of  development.  The 
third  plan  mentioned,  which  provides  for  a  siphon  at  Dome,  appears  to 
be  the  best.  This  plan  of  deveJopment  will  be  considered  in  estimating 
the  cost  of  the  Parker-Gila  Valley  project. 

The  following  table  shows  the  amount  of  land  on  the  Arizona  side 
of  the  river  that  may  be  irrigated  under  the  Parker-Oila  Valley  project. 

NET  TBBTftABTiB  AXEAS  UNDER  PARKER-GILA  VALLEY 

PROJECT  ABIZOKA  SIDE  

Irrigable  Areas 


Tnit 

Gra  vitv 

Punijting 

Total 

Aeies 

Acres 

Acres 

Parker  Mesa 

4,000 

8,000 

12,000 

Colorado  Eiver  Indian  Ees.  (bottom) 

104,000 

0 

104,000 

<'iboJa  Valley 

161,000 

0 

16,000 

Lands  north  of  Gila  River 

0 

202,000 

202,000 

Lands  south  of  Gila  River 

0 

430,000 

430,000 

TOTAL8 

124,000 

640,000 

764,000 

California  Lands 

The  Commission  did  not  investigate  in  the  field,  the  possibilities 
for  deyelopnif'nt  hy  irri^ratioa  on  the  California  side.  However  a  study 
<.f  available  ie|>orts  indicates  that  a  canal  on  the  (California  side  would 
reach  The  Palo  Verde  mesa  at  elevation  420  feet  above  sea  level.  It  is, 
therefore,  apparent  that  a  part  of  the  Palo  Verde  mesa  could  be  ini- 
gated  by  gravity  and  the  remainder  of  these  lands  and  all  lands  included 
in  the  Cliueawalla  Valley  project  could  be  irri^i^ated  with  a  maximum 
pump  lift  not  exceeding  130  feet.  It  i^  known  that  some  lands  bet^veen 
the  proposed  Parker  diversion  dam  and  the  Blythe  intake  could  be  irri- 
jrated.  AVe  have  estimated  tliat  a  total  of  50,000  acres  eonld  be  irri- 
gated from  the  main  canal  on  the  CaHfornia  side  above  the  Blythe  in- 
take. The  data  given  in  the  following  table  show  in  a  geiierai  way  the 
possibilities  for  irrigation  development  on  the  California  side,  providing 
a  diversion  dam  should  be  built  at  the  Parker  dam  site* 
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VALLEY  PROJECT 
IiAlllMI  TBBTI^AyT-^  ON  CALIFORNIA  SIDE 


Unit 


Area  Irrigable 
Gravity      Pumping  (1)  Total 
Aem  Aenm  Aeres 


Between  Divemon  dam  and  Blyibe 

Intake 
Palo  Verde  Valley 
Palo  Verde  Mesa 
Chueawalla  Valley 

TOTALS 


50,000 
79,000 
20,000 
0 


0 
0 

25,000 


50,000 
79,000 
45,000 
130,000 


149,000 


161,000 


310,000 


(1)  Maximum  pump  lift,  130  feet. 

It,  therefore,  seems  that  a  canal  leading  from  the  Parker  diversion 
dam  could  be  made  to  serve  about  310,000  acres  on  the  California  side 
and  764,000  acres  on  the  Arizona  side,  making  a  total  area  under  the 
project  of  1,074,000  acres.  On  account  of  the  meager  data  available, 
only  a  rough  estimate  can  be  made  of  the  probable  cost  of  this  project. 
Some  definite  information  is  available  with  respect  to  the  main  diver- 
sion dam,  due  to  the  fact  that  this  site  has  been  studied  by  the  Beck- 
man-Linden  Engineering  Corporation.  It  is  also  known  that  a  net  area 
of  104,000  acres  of  bottom  land  on  the  Parker  Indian  Reservation  can 
be  irrigated  bv  an  independent  gravity  system  at  a  total  cost  of  about 
$75.00  per  acre.  The  bottom  lands  in  Cibola  Valley  could  probably  be 
reclaimed  for  $75.00  per  acre  or  less.  .  ^ 

The  allocation  of  the  cost  of  the  diversion  dam  and  three  or  more 
l)0wer  plants,  will  be  difficult,  even  with  definite  engineeriBg  data 
available.  At  this  time  it  seem  equitaWe  to  Aug^  the  eoal  of  the  dam 
and  power  plant  to  the  lands  in  Arizona  aad  California  in  proportion  to 
the  acreage  to  be  irrigated.  It  is  also  assumed  that  it  would  be  fair  to 
levy  a  charge  of  $100.00  per  acre  for  bottom  lands  irrigated  on  the 
Parker  Indian  Keservation  and  in  Cibola  Valley.  A  rough  estimate  of 
the  cost  of  the  Parker-Gila  Valley  project  is  given  below. 


COST  SUKKABY 


Parker  Dam 
Power  Plants 
Pumping  Plants 

Tunnels 
Siphons 
Main  Canals 
Lateral  System 
Miscellaneous  Structures 
Transmission  Line 

Total 
Contingencies  15% 

Total  Gonatraction  Cost 

Amount  Charged  to  Califomia  for  Parker 


Coat. 

$  4,700,000 

3,604,000 
4,715,000 
33,302,000 
18,682,000 
25,715,000 
11,460,000 
1,995,000 
1,740,000 

$105,913,000 
15,887,000 

$121,800,000 


Dam 


$  2,000,000 
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Less  Charge  of  $100.00  per  acre  for  124,000 
acres  iu  Parker  and  Cibola  valleys  12,400,000 


$14,400,000  14,40(»,000 


Net  cost  ehargay^'io^-IHO^OOO  acres  $107,400,000 
Est.  cost  per  acre  $168.00. 

Aluuial  Owt'of  OiNrnMoii,  Power  and  Tmgtng  Plants 

^^alnvios  $  46,000 

M:niitoJi;nico  ;nnl  depreeiation  235,00(1 
l*uielii»se  of  Power  3,440,000 

Total  $3,721,000 
Annual  Operating  cost  for  pumping  per  acre  served,  $5.82. 

ARIZONA  HIGH  LINE  CANAL  PROJECT 

General  Plan 

111  Yuma  and  Maricopa  Couutios  iu  Southwesttrn  Arizona  thero  ;ne 
some  2,000,000  acres  of  desert  land,  which  is  suitable  for  agricultural 
development  if  water  for  its  irrigation  can  be  made  available.  It  has 
been  proposed  to  reclaim  tliese  lands  by  diverting  the  Colorado  River  at 
some  point  between  Boulder  Canyon  and  Diamond  Creek.  The  greater 
part  (»f  the  imid  included  in  the  project  is  first  class  for  a^n'icultural  ]uir- 
jtoses.  If  these  lands  are  to  he  reclaimed  by  irrigation,  the  Avater  sup- 
ply must  be  obtained  from  the  Colorado  Eiver,  There  is  no  other  source 
of  suppl;;^.  If  a  feasible  plan  cannot  be  worked  out,  these  lands  must 
remain^  as  a  barren  desert  waste  iorvvcv.  The  Arizona  Engineering 
Coinniission  fully  appreciates  its  resijonsibility  in  reporting  on  this  pro- 
ject and  it  believes  that  it  has  jjiven  due  consideration  to  everv  plan 
su^i-^ested  for  the  reclamation  of  2,000,000  acres  of  land  in  Arizona  by 
'  wsing  the  waters  of  the  Colorado  Kiver. 

ALTBINAXB  VhASfB 

Flan  A,  (Blake's  Report) 

Uiuler  the  direction  of  the  State  Water  Commissioner,  Mr.  H.  E. 
Pdake,  ('ivil  Engineer,  made  a  preliminary  field  in vesti»;ation  and  pre- 
pared a  final  report  in  the  Fall  of  1921.    The  plan  investi^rated  by  Mr. 
Blake  called  for  the  construction  of  a  dam  at  Boulder  Canvon  to' raise 
the  water  530  feet,  or  to  elevation  1233  feet  above  sea  levei.    The  high 
line  canal  would  divert  from  the  Boulder  Canyon  dam  at  elevation  1,085 
feet  above  sea-level.    The  canal  from  Boulder- 47any on  would  be  located 
oTi  the  west  sh)pe  (►f  the  Htack  Mountains  to  a  ]»oint  near  the  head  of 
Tottonwood  Valley,  tlieuce  foilo\vin<r  sontli  over  delrital  wash  plains  to 
the  Santa  Fe  railroad  near  Franconia.    From  the  Santa  Fe  Railroad  the 
canal  would  be  carried  around  the  Needles  Peaks,  thence  south  to  the 
Willims  River.    It  was  proposed  to  cross  the  Williams  River  by  means 
of  a  si])liO!i  at  a  point  about  6  miles  above  its  mouth,  thence  by  means 
of  a  tunnel  or  caTial,  the  water  would  be  carried  to  Bouse  Vallev,  reaeh- 
in;^-  tills  valley  at  elevation  about  9:M)  feet  above  sea-level.    The  canal 
would  follow  soiitl!  int(t  Quart/site  Valley  turning  west  following'  the 
west  side.of  Dome  Rock  and  Tii^o    uiountains   to    Liglithouse  Rock, 
thence  in  an  easterly  direction  to  Castle  Dome  Valley  in  the  Gila 
drainage  basin.   Such  a  canal  would  reach  Castle  Dome  Valley  at  eleva- 
tion about  i^H'i  feet  above  sea-level.    Aecordinjj  to  Mr.  Blake,  "The  en- 
tire irritable  acrajje  under  the  proposed   canal   throughout'  its  entire 
length  wonbl  be  ap|noxiniately  496,000  acres."     Mr.  Blake  also  con- 
sidered a  plan  to  reclaim  large  areas  in  the  Gila  Basin  by  means  of  a 
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pump  lift  of  650  feet.  Mr.  Blake  closed  his  rep05^^is;it^  .the  following 
summary:  ^ 

"Diverting  and  carrying  water  across  a  hot,  arid  country  with- 
out crossing  any  large  bodies  of  irrigable  land  until  a  point  470 
miles  south  of  its  diversion  is  reached^  would  be  a  very  precarious 
undcitaking-.  In  fact,  it  eould  not  be  considered  feasible  unless 
tliese  laiuls  under  irrigation  were  of  a^ch  value  that  cost  eould  not 
be  considered. 

**This  is  not  the  case  and  many  acres  of  land  in  Arizona  can  be 
reclaimed  at  a  cost  much  less  per  acre  than  would  be  the  case  un- 
der this  project. 

**The  construction  costs  of  the  pro])osed  canal  are  estimated  at  a 
lower  figure  than  it  would  be  possil)le  to  build  at  the  present  time, 
l)iit  these  estimates  are  j^iven  to  show  that  at  the  lowest  i»ossible 
c*tst  during  normal  times  with  an  open  canal,  the  expense  would  be 
.  enormous.  'f^^. 

'*If  a  detailed  survey  of  the  canal  line  through  its  entire 
length  were  undertaken  with  a  report  on  the  different  classes  o£ 
construction  and  cost,  the  entire  appropriation  for  this  work  would 
be  insufficient.  For  this  reason  only  a  hurried  reconnaissance  was 
made  to  tlie  effect  that  if  the  project  appeared  feasible  a  more  de- 
tailed survey  would  be  made. 

**However^  it  is  believed  that  this  report  is  sufficient  to  show 
that  the  project  is  not  feasible  at  the  present  time. 

"It  also  appears  from  a  study  <tf  the  Colorado  River  that  the 
reclamation  of  all  the  latuls  subject  to  economical  irri<;ation  in  tlie 
drainajje  basin  of  tlie  river  above  the  in-o]»osed  Boulder  Canyon 
Dam,  will  not  effect  the  future  development  of  all  lands  in  Arizona 
and  California  under  storage  capable  of  using  this  water,  and  it  does 
not  appear  necessary  to  enact  legislation  to  protect  the  future  rights 
to  the  use  of  this  water,  or  to  enter  into  agreements  with  the  other 
'  interested  states  as  to  their  future  use  of  this  water  for  irrigation. ' ' 

Mr.  Blake  spent  but  a  comparatively  short  time  in  the  field.  No 
in.struniental  surveys  were  made,  it  being  necessary  fot'  him  to  deter- 
mine elevations  l»y  means  of  an  aneroid  barometer. 

('ousiderinj>  the  time  si»ent  on  the  work,  Mr.  Blake  should  be  com- 
mended for  the  valuable  report  prepared  by  him.  This  report  showed 
the  impracticability  of  the  plan  to  build  a  diversion  dam  at  Boulder 
Canyon  to  raise  the  water  to  the  1235  foot  level  for  the  reclamation  of 
lands  in  Southwestern  Arizona. 
Plan  B 

Before  (Miterinu-  the  field,  the  Arizona  Enj;ineerinp:  Commission  was 
aware  of  the  fact  that  to  be  feasible,  a  hi«;h  line  canal  project  must 
involve  a  plan  to  carry  the  water  to  Bouse  Valley  at  an  elevtiou  of 
1200  feet  or  more  above  sea-level.  The  Commission,  therefore,  first 
^nsidered  a^plan  to  build  a  diversion  dam  at  Boulder, Qanyon  to  raise 
the  water  to  elevation  1:^50  feet  above  sea  level,  the  construction  of  a 
tunnel  from  Squaw  Wash  through  the  Black  Mountains,  to  a  point  op- 
]»osite  Kldorado  Ferry,  following  south  on  jtractically  the  same  location 
as  far  as  the  Williams  Ki\ei',  as  that  given  in  the  Blak*}  rejjort.  At  the 
Williams  lti\t'r,  the  Commission  i)roposed  to  i>uild  a  high  dam  in  the  Box 
Canyon,  the  high  line  canal  to  be  carried  across  on  top  of  the  dam.  In 
order  to  reach  the  Williams  River  at  elevation  1300  feet,  it  would  be 
necessary  to  construct  a  canal  on  the  very  flat  grade  of  25/100  cf  a  foot 
to  the  mile. 

There  being  no  reservoir  sites  'u^.ir  tlie  lands  to  be  irrigated  by 
means  of  which  the  flow  can  be  regulated,  it  would  be  necessary  for 


30 


BEPOBT  or  ABIZONA 


per  mile  for  cania  in  of  the  canal  from  Squaw 

51  canal  ia  earth,  20  mile,  in  "«\-'»^„««  ^^SJ^"  {SS^bo,^ 

is  >Iiow«  in  Appel>aii  B,  M«  plctuM.  H»  IS  W  »,  63.  5*. 

""Alumini!  foundation  eonditions  favorable,  an 
„..toZd"'the  B„  canyon  ef  tl,e  WUlia»,  Etv«. 
,h.  .  »tcr  surtaec  at  the  dam  «te  ^  9W  '^"^J^J^rf  J,  460 
ftTtt'th.  S-r^lJi!  r;  »,     mill™,  the  nppej 

raf,«v       nSfthe^Terd  r J|. 
IT^™    ml^nal  leadinifron,  the  Williams  Diver  reservoir  wonld  ix- 

fTii  ^.z:\io.  With  such  z  ■ 

:r  „^S/.IT.n^'  93  tnnne.  ^^^^-^^ 
WAR  ffiven  a  grade  of  one  foot  to  the  mile,    a  siie  lu  vxignx       j  > 

™S  feet"bre  sS-level.    In  order  t.  t^VJ^',^?'^"^,  ' 

™Ha£F£HSJ^f^rd=^ 

The  opeu  cS  eoiicrete  lined,  would  carry  water  to  a  depth  of  25  feet 
the  S  Of  the  eanal  on  the  bottom  being  32  feet  with  a  ^I^dth  at  the 

-  i  ^^t.  r^r  tt  -'prate'i- ^^^^^^^^^^ 

?;er^:tr.red"Si  jrHS^^%»f  I  i;- 

^;„^"i.??.S?rd.':;?^eiT.rda^  r/'^-S^, 

conduit  leading  to  the  Williams  R^ver  reservou  J^tdd  he^^^^^^^^^ 

000  000  for  the  diveraioa  dam,  making  the  total  cost  5^""' 
toTarry  the  water  to  the  WflHam.  Kver,  a]^xu«ately  $374,000,000. 

Vila  B 

Plan  ''D''  is  the  same  as  Plan  ^*C,"  .vith  the  exception  that  the 
water  w^d  be  ta  the  Williams  Eiver  reservoir  site  by  means  of 
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a  tunnel  92  miles  in  length,  leading  from  the  Colorado  Eiver  at  a  i)oint 
about  12  miles  below  Diamond  Creek,  (See  Plate  I  in  Pocket).  A 
higher  dam  would  be  built  on  the  Williams  River.  In  order  to  obtain  a 
capacity  of  11,100  seeond-feet  with  a  tunnel  of  one  bore,  it  was  neees* 
sary  to  increase  tlie  grade  to  4  feet  to  the  mile.  It  was  found  that  a 
roncrete  lined  tunnel  with  an  inside  diameter  of  34  feet,  constructed  to 
a  grade  of  4  feet  to  the  mile  would  have  the  proper  carrying  capacity. 
See  Pages  63-6o,  Appendix  A  for  profile,  cross  section,  and  estimate  of 
cost.  This  tunnel  may  be  built  for  about  $146,000,000.  It  should  be 
noted  that  at  the  point  of  diversion,  the  grade  elevation  of  this  tunnel 
^vonld  be  1838  feet  above  sea  level.  In  order  to  supply  the  tunnel  to 
full  capacity,  it  would  be  necessary  to  raise  the  water  surface  of  the 
Colorado  River  to  elevation  1868  feet  above  sea  level.  The  elevation  of 
the  river  at  the  ]»roposed  point  of  diversion  is  about  1260  feet.  It 
would,  therefore,  be  necessary  to  construct  a  diversion  dam  to  raise  the 
water  608  feet.  Only  general  information  regarding  the  conditions  at 
the  dam  site  is  available.  The  formation  at  the  dam  site  is  granite  and 
it  seems  probable  that  bed-rock  would  be  found  at  a  reasonable  depth 
I'elow  the  water  surface.  The  total  cost  of  the  dii^ersion  dam  may  not 
exceed  4^60,000,000.  With  the  dam  completed,  water  for  irrigation  of 
the  lauds  on  the  lower  river  in  the  United  States  and  Mexico  could  be 
dropped  at  the  dam,  utilizing  a  head  of  about  500  feet  for  power  pur- 
poses. It  seems  reasonable  to  believe  that  at  least  half  of  the  cost  of 
the  diversion  dam  would  be  borne  by  the  power  project,  leaving  $30,- 
000,000  to  be  charged  to  the  Diamond  Creek-Big  Sandy  Tunnel  project. 
Under  this  ]ilan  the  cost  of  the  conduit  leading  to  Williams  Biver  reser- 
voir, including  contingencies,  would  be  about  $215,000,000. 

Plan  E 

A  preliminary  study  was  made  to  determine  the  feasibility  of  di- 
verting the  Colorado  Eiver  at  a  point  in  the  Grand  Canyon,  the  water 

to  be  carried  by  means  of  a  tunnel  to  the  upper  basin  of  the  Verde 
River.  Such  a  tunnel  would  be  more  than  90  miles  in  length  and  the 
over-burden  would  be  more  than  3,000  feet  in  depth.  While  such  a  tun- 
nel could  be  built,  the  time  required  for  its  construction  would  prob- 
ably exceed  40  years. 

PlanF 

Assuming  that  the  Glen  Canyon  dam  were  built  and  that  the  water 
could  be  diverted  at  elevation  3,500  feet  above  sea  level  to  carry  the 
Colorado  Biver  to  the  upper  basin  of  the  Verde,  it  would  require  two 
tunnels,  one  from  the  Qlen  Canyon  to  the  Little  Colorado,  50  miles  in 
length,  and  one  from  the  Little  Colorado  to  the  head  waters  of  the 
Verde  River,  more  than  90  miles  in  length.  On  account  of  the  fact  that 
it  would  be  impracticable  to  work  from  adits  except  near  the  end  of  the 
tunnel,  the  time  required  for  the  completion  of  these  tunnels  would  ex- 
ceed 40  years. 

ARIZONA  HIGH  LINE  CANAL  PROJECT 
ADOPTSD  FLAN  OF  DEVELOPMENT 

(Plan  D) 

The  plan  of  development  is  shown  on  Plate  L  in  Pocket,  The  dis- 
tribution system  and  irrigabale  lands  are  given  on  Plate  II.  Plan  D, 
may  be  better  understood  if  the  reader  will  also  study  the  profile  given 
iu  Figure  5,  keeping  in  mind  that  the  point  of  diversion  on  the  Colo- 
rado Biver  is  12  miles  below  Diamond  Creek. 

The  elevation  of  the  saddle  in  Lone  Mountain  pass  between  Bouse 
Valley  and  the  Gila  Biver  basin  ia  1392  feet  above  sea  level.   If  the 
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grade  of  the  high  line  canal  at  this  pass  is  1225  feet,  it  would  bfe  neces- 
sary to  construct  a  tunnel  or  cut  about  28  miles  long. 

Tt  w:is  aiii)arent  that  if  the  irrigable  acreage  could  be  brought  near- 
er the  ]>oint  of  diversion,  the  cost  of  the  canal  system  Avould  be  re- 
duced. To  do  this  and  also  reduce  the  size  of  the  cut  and  the  length  of 
^Villiams  River-Bouse  tunnel,  a  plan  was  adopted  which  calls  for  the 
high  line  canal  to  be  constructed  to  Lone  Mountain  Pass  at  a  higher 
elevation  than  1226.-  It  was  decided  that  a  dam  could  be  built  in  the 
Box  Canyon  of  the  Williams  Eiver  to  raise  the  Avater  to  the  1500  foot 
contour.  Ev  divertiiiir  from  the  Williams  River  reservoir  at  elevation 
]442  cairying  the  water  tiuough  a  tunnel  22  miles  long,  the  Bouse  Val- 
ley could  be  reached  at  elevation  1398. 

At  Lone  Mountain  Pass  the  grade  elevation  of  the  canal  would  be 
1378. 

The  outlet  of  the  Diamond  Creek-Big  Sandy  tunnel  would  have  an 
elevation  of  1470  feet.  In  order  to  reduce  the  cross  section,  the  Dia- 
mon  Creek-Big  Sandv  tuniiel  was  given  a  grade  of  4  feet  lo  the  mile. 
This  tunnel  is  92  miles  long,  the  total  fall  being  868  feet.  The  grade  ele- 
vation, therefore,  :it  the  head  of  the  tunnel  is  ISMS  feet.  Since  the  ele- 
vation of  the  water  surface  of  the  ('(dorado  Iviver  at  the  head  of  the 
Vronosed  tunnel  is  about  1260  feet,  it  is  apparent  that  a  diversion  dam 
ituist  be  built  to  raise  the  water  about  608  feet.  If  we  should  increase 
the  height  of  the  dam  in  the  Williams  Eiver  Canyon,  it  would  be  neces- 
siiry  to  increase  the  height  of  the  diversion  dam  oa  the  Colorado  K'lver. 
By' increasing  the  height  of  the  Williams  bMvcr  dam,  the  tunnel  lead- 
ing from  the  Williams  Kiver  reservoir  to  Bouse  Valley  could  be  given  a 
■  rcater  fall  an<l  this  would  reduce  its  coat.  While  the  cost  of  this  tun- 
liei  Avould  be  reduced,  thQ  cost  of  the  Williams  Biver  dam  and  the  diver- 
sion dam  on  the  Colorado  Biver  Avould  be  increased.  To  strike  a  balance 
and  determine  the  most  economical  plan  involving  the  construction  of  a 
distribution  svstcm.  Lone  Mountain  cut,  the  Williams  Kiver-Bouse  Val- 
h  V  tunnel,  the  Williams  Kivev  dam.  Diamond  Creek-Big  Sandy  tunnel 
and  the  diversion  dam  on  the  Colorado,  would  require  considerable  work. 
However,  if  this  should  be  done,  it  is  believed  that  the  total  cost  would 
not  be  much  different  from  that  presented  in  this  report. 

The  canal  system  covering  2,000,000  acres  of  irrigable  land  below 
the  Williams  Biver,  used  as  a  basis  for  the  estimate  of  cost,  is  given  on 
Plate  I,  in  Pocket.  Some  views  showinjj:  irriuable  land  are  given  m 
Appendix  B,  see  Pictures  107,  107A,  108,  110,  113,  and  114. 

By  means  of  a  two  barrel  tunnel,  2*2  miles  lono,  the  water  conld  be 
cnrrieil  from  the  Williams  River  reservoir  to  a  point  in  the  soutlnvest- 
crn  ]»art  of  Butler  Valley.  From  the  end  of  this  tunnel,  the  water  would 
be  carried  in  an  easterly  direction  a  distance  of  40  miles  to  the  summit 
of  Lone  Mountain  Pass,  this  point  being  reached  at  elevation  1378  feet 
above  sea  level.  The  capacity  of  the  tunnel  and  main  canal  to  this 
point  Avould  ltt»  ^7,500  second-feet.  At  Lone  Mountniu  Pass,  the  canal 
would  divide  in  tlirin^  wavs,  the  ITassayampa  branch  liaviug  a  capacity 
of  al»out  2,000  second-feet  Avould  run  in  an  easterly  direction  covering 
about  225,000  acres  of  land  in  Centennial  and  Hassayampa  valleys  and 
the  region  north  of  Buckeye.  Bunning  in  a  southerly  direction  from 
Lone  Mountain  Pass  about  1-'  miles,  a  canal  would  lead  to  Novtbuscli 
Pass.  Before  rea(diino-  Xottbuscii  Pass,  this  canal  would  have  a  branch 
running  in  a  Avesterlv  direction,  cfirryinir  about  1,000  second-fcet  to 
serve  the  lands  on  the  south  side  of  Vicksburg  Valley  From  Nott- 
busch  Pass  a  canal  with  a  capacity  of  about  2,500  second-feet  would 
s€  rve  some  300,000  acres  on  the  north  side  of  the  Gila  Eiver.  The  third 
branch  from  Lone  Mountain  Pass  would  follow  along  the  north  slope  of 
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the  Ea-ile  Tail  and  Gila  Bend  mountains,  leading  to  the  Gillespie  Dam 
on  the  Gila  River,  This  canal  at  Lone  Mountain  Pass  would  have  a 
c;i])acity  of  about  10,0(10  second-feet,  or  siifficient  Avater  to  serve  125,000 
acres  between  Lone  M<unitain  I'ass  and  the  Gillesx)ic  Dam  and  1,050,000 
acres  on  the  south  side  of  the  Gila  Eiver. 

At  tlie  riilles]de  Dam,  (Pictun\s  100.  lOOA.  lOjnVi  Avnter  for  the  ir- 
rigation of  700,000  acres  on  the  south  side  of  the  Gila  Kiver  Avould  be 
ditijiped  to  the  Gila  Biver  above  the  dam.  The  700,()0(l  acres  would  be 
served  by  extending:  the  present  Gillespie  Canal,  (Gila  Water  Company) 
as  far  M  t  st  as  the  Gila  Mountains.  To  reach  lands  on  the  south  side  of 
the  Gila  Eiver  above  the  extension  of  the  Gillespie  Dam,  water  wonld 
be  siphoned,  crossinjj:  tin*  Gila  at  the  Gilli's]de  dam  and  delivered  on  the 
east  side  of  the  river  at  clcvntion  OT-I.  This  cannl  wcmld  lead  s(»uth, 
crossing  the  Southern  J'acific  Kail  road  about  (i  miles  east  of  Gila  Bend, 
from  which  point  it  would  run  in  a  southerly  direction  crossing  the  Ajo 
Bailroad  near  Black  Gap  as  shown  on  Plat«  IL 

Cost  Estimates 
Arizona  High  Line 
Canal  Project 

The  details  regarding  unit-costs,  desij^n  of  structures,  canal  and 
tunnel  sections,  amount  of  material  to  be  excavated,  etc.,  will  be  found 
in  Appendix  A.   A  cost  summary  will  be  given  here* 

COST  SUMMAKY 
ABZZONA  HIGH  UME  CANAL  PROJECT 

(Plan  D) 

Dams 

r(dorad()  "River  (50%  of  cost) 

AVilliaius  Eiver 
Tnnnels 
Siphons 
Main  Canal 

Gillespie  Dam  (Right  of  Way) 
Lateral  System 
Miscellaneous  Structures 


Cost 
$  30,000.000 

22,000.ft00 
233,371,000 
23,806,000 
57,152,000 
2,000,000 
30,000,000 
6,538,000 


Total 
Contingencies  15% 

Additional  Contingencies  (10%  Diamond  Creek-Big  Sandy 


00,730,000 


Tunnel) 

Total  Est.  Cost 
Credit  fov  Power  Assets 
Gila  Eiver  Site 
Nottbusch  Pass  Site 


14,600,000 

$480,197,000 


$24,5.10,000 
5,800,000 


Total  Cliaroealde  to  2,000,000  acres 
Estimated  cost  i>er  ane  .+22.'). 00. 


$30,350,000  30,350,000 
$449,847,000 


CONOIiUaXONS  AND  ^BOOUMEXDATIONB 

Foreivozd: 

In  addition  to  the  Arizona  High  Line  Project  and  the  Parker-Gila 
A'allev  Project,  the  ronunission  investigated  many  smaller  prctjects  in- 
Yolviug  low  lauds  adjacent  to  the  Colorado  liiver.    In  the  conclusions 
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iiiul  U'l  oiiimomlations,  the  two  major  projects  will  be  treated  separately, 
Avliiie  the  smaller  projects  will  be  referred  to  as  a  group. 

Becommendations  will  also  be  made  regarding  river  improvements. 

MISCELLANEOUS  PROJECTS  EMBRACING  LOW 
LANDS  ADJACENT  TO   THE  COLORADO  RIVER 

Conclusions: 

(a)  Unless  a  feasible,  comprehensiI>le,  plan  of  development  can  be 
WOrkeil  out,  tlie  area  of  Arizona  land  which  may  be  irrigated  from  the 
Colorado  liiver  will  be  confined  to  areas  of  bottom  lands  along  and  ad- 
jacent to  the  Colorado  River  and  a  few  areas  that  may  be  served  by 
pumping  from  the  systems  serving  these  bottom  lands  or  from  the  Colo* 
rado  River,  aggregating  altogether  about  300,000  aeres. 

(b)  The  data  now  at  hand  show  that  it  may  be  feasible  to  re- 
claim 182,000  acres  by  gravity  and  105,000  acres  by  pumping,  or  287,000 
a(res  in  all.    Of  this  amount  about  45,000  aeres  are  now  irrigated 

(1923). 

Boconunendatloiis: 

Definite  data  relating  to  the  present  Tuma  €N>vernment  Reelama- 
tion  Project  and  the  Colorado  Kiver  Indian  Reservation  Project  are 
availalde.  It  is  recommended  that  detailed  surveys  and  cost  "estimates 
be  made  and  that  reports  be  prepared  to  show  the  most  feasible  plan 
for  reclaiming  the  lauds  in  Mohave,  Chemehuevis  and  Cibola  Valleys  and 
miscellaneous  tracts  adjacent  to  the  Colorado  River. 

PAKSEB^OXLA.  VALLEY  PROJECT 

Conclusions: 

(a)  A  dam  for  ]»ower  on  the  Colorado  River  about  five  miles  above 
Parker  has  been  investigated  and  favorably  reported  upon  by  Beekman 
and  Linden,  Consulting  Engineers  of  San  Tranciseo, 

If  a  diversion  and  power  dam  ean  be  eonstmeted  at  this  point  to 
divert  water  at  elevation  440  above  sea  level,  it  is  possible  to  irrigate 
7(U,ooo  acres  in  Arizona  and  310,000  aeres  in  Galifomia  making  over  a 
million  aeres  in  all. 

(1>)  On  the  Arizona  side  124,000  acres  Avould  be  served  by  gravity, 
iiKd  040,000  acres  l>y  pumping,  the  maximum  lift  not  exceeding  200  feet. 

((•)  If  tlie  Parker-Gila  Valley  Project  weie  constructed,  power 
could  be  developed  at  the  diversion  dam,  mesa  drop  south  of  Parker,  at 
Cibola,  and  Palo  Verde  YaUeys*  The  total  installed  capacity  for  the 
fonr  plants  wonld  be  abont  100,000  horse  power- 

(d)  The  Parker-GUa  Valley  Project  presents  a  complicated  prob- 
lem. Involving  as  it  does  the  development  of  power,  the  serving  of 
lands  by  both  gravity  and  pumping  systems,  and  the  serving  of  lands 
now  irrigated  it  may  be  difficult  to  allocate  the  cost  of  the  develop- 
ment as  betwccu  tlie  various  areas  served. 

Only  meager  data  are  available  on  which  to  base  a  cost  estimate. 
However,  the  data  presented  in  this  report  indicate  that  about  630,000 
acres  in  Gila  Valley,  Arizona,  may  be  reclaimed  at  a  cost  of  $168.00 
per  acre.  More  definite  data  on  both  the  Arizona  and  Galifomia  side 
of  the  river  may  show  that  this  cost  can  be  reduced. 

(e)  The  Parker-Gila  Valley  Project  apparently  has  sufficient  merit 
to  justify  the  expenditure  of  a  considerable  sum  of  money  on  detailed 
surveys  and  the  preparation  of  an  engineering  report. 

(f)  The  Parker-Gila  Valley  Project  and  the  lands  possible  of  re- 
clamation in  the  Palo  Verde  Valley,  Palo  Verde  Mesa  and  Chucawalla 
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Valley,  California,  may  bo  served  from  a  common  diversion  dam.  There- 
fore, these  projects  should  be  investigated  by  a  Joint  Commission. 

The  members  of  this  Joint  Commission  should  represent  the  Fed- 
eral Government  and  the  states  of  Arizona  and  Galifomia  and  be 
charged  with  the  dnty  of  working  ont  a  plan  of  development  that  will 
best  serve  the  interests  of  both  Statoi. 

Recommendations : 

It  is  recommended, 

1.  That  through  appropriate  action  by  the  legislatures  of  Arizona 
nnd  California,  a  Joint  Commission,  as  referred  to  above,  be  created  to 
investigate  the  Parker-Gila  Valley  Project. 

2.  l%at  sufficient  money  be  appropriated  and  made  available  to 
the  Joint  Commission  to  enable  it  to  make  all  surveys  necessary  to  form 
the  basis  for  a  report  which  will  show  definitely  the  cost  of  the  project 
and  the  allocation  of  the  cost  as  between  lands  served  in  California  and 
Arizona. 

am  XJIIB  CANAL  PBOJBOT 

Oondmiioaw: 

(a)  Investigations  made  by  the  Commission  indicate  that  it  may 
bo  possible  to  redaim  by  irrigation,  a  net  area  of  about  2^0^000  aeres, 
located  in  Yuma  and  Maricopa  Counties,  Arizona. 

(b)  In  order  to  reduce  the  cost  per  acre,  300,000  acres  near  the 
Mexican  boundary  and  50,000  acres  in  Quartzsite  Valley  were  excluded 
from  the  i^roject, 

(c)  Soil  surveys  were  not  made  but  the  Commission  has  assumed 
from  its  reconnaissance  that  2,000,000  acres  will  produce  abundantly 
when  water  and  humus  are  added  to  the  virgin  soiL 

(d)  The  climatic  conditions  in  Southwestern  Arizona  favor  the 
growing  of  crops  of  one  kind  or  another  throughout  the  year. 

(e)  In  this  region  intensive  farming  on  small  farm  units  Aoidd 
be  practieed. 

(f)  While  the  major  portion  of  the  crops  would  be  the  result  of 
general  farming,  a  part  of  the  land  may  be  found  suitable  for  the  grow* 

ing  of  fruits  and  nuts. 

(g)  Due  to  the  general  elevation  of  the  lands  to  be  irrigated  and 
the  elevation  of  certain  passes  in  relation  to  the  source  of  water  sup- 
ply, it  is  difficult  to  devise  a  feasible  plan  to  bring  the  water  to  the 
irrigable  land. 

(h)  Many  plans  for  diverting  the  waters  of  the  Colorado  Biver  to 
lands  in  Western  Arizona  were  coiwidered.  Plan  ^^D"  which  calls  for 
the  construction  of  a  92  mile  tunnel  to  divert  the  Colorado  Biver  at  a 
point  12  miles  below  Diamond  Creek,  appears  to  be  the  best. 

(i)  Using  Plan  ^'D*',  as  a  basis  for  estimating  the  cost  of  the 
irrigation  system  to  reclaim  2,000,000  acres,  it  was  found  that  the  cost 
for  a  concrete  lined  system  down  to  each  25,000  acre  unit,  including  the 
distribution  system  complete  would  be  about  $225.00  per  acre  irrigated. 

(j)  The  Commission  believes  that  the  unit  costs  used  in  this  re- 
port are  averages  attained  on  work  of  a  similar  nature  constructed  dur- 
ing the  last  few  years.  It  is  possible  with  high  efficiency  machines  and 
the  large  volume  of  material  to  be  handled  to  bring  the  construetioii 
costs  to  a  fwinimtim.  The  quantity  of  the  various  classes  of  material  to 
be  moved  may  vary  considerably  from  that  given  in  this  report.  A 
balanced  cut  and  fill  section  was  used  as  a  basis  for  estimating  the 


36 


REPOET  OF  ARIZONA 


EXGIXEERING  COMMISSION 


37 


ARI  ZONA 

COLORADO     Rl  V  ER 
IRRIGATION  PROJECTS 

nvestigated  by 
THE  ARIZONA  ENGINEERING  COMMISSION 

1922-23 

Profile  of 
HiGrHLINE  CANAL 


iMtf  ei  Te^  0am 


)«0        3SQ  a40 


Fiiure  5 


38 


EEPOBT  OF  ABIZONA 


cnrth  and  roek  quantities  in  canal  excavation.  Actual  location  on  the 
ground  will  increase  the  quantities  and  the  lengths  o£  canals  as  eoiil* 
Ijared  with  theoretical  sections  and  paper  locations. 

(k)  If  the  High  Line  Canal  Project  be  infeasible,  more  than  a 
Bullion  aeres  of  land  in  Southwestern  Arizona  mnst  remain  a  desert 
forever. 

(1)  This  Commission  agrees  that  the  High  Line  Canal  Project  is 
not  feasible  at  the  present  estimated  cost  of  $225.00  per  acre,  and  that 
no  funds  should  be  appropriated  for  a  detailed  survey  of  the  project  as 
a  whole. 

The  cost  estimates  were  based  upon  the  best  maps  obtainable  and 
such  field  work  as  the  Commission  eonld  do  with  tiie  limited  funds 
available.    The  Commission  feels  that  a  small  appropriatin  would  be 

justified  to  check  certain  assumptions  that  it  was  necessary  for  it  to 
make,  and  examine  some  suggested  changes,  whether  affirmative  or 
negative  results  are  attained  thereby. 

JRecommendati<M»; 

It  is  recommended  that  an  appropriation  of  $25,000  be  made  by 
the  legislature  to  check  the  assumed  lengths  of  the  Diamond  Creek- 
Big  Sandy  and  Williams  Eiver-Bouse  Valley  tunnels,  examine  the  dam 
sites  on  the  Colorado  and  Williams  Eivers,  verify  the  lengths  of  the 
major  canals^  making  approximate  classification  of  material  of  same, 
make  a  soil  reeonnaissanee  of  the  lands  proposed  for  irrigation,  examine 
a  snf^ested  storage  site  in  the  lower  Hassayampa  Valley  and  make 
such  other  investigatioiis  that  may  be  deemed  pertinent. 

BBCOMMENDATIONS  REGARDING  RIVER  IMPROVEMENTS 

The  Commission  found  in  its  investigations  of  lands  along  the  Colo- 
rado Biver  that  the  constant  shifting  of  the  river  channel  was  destroy- 
ing land  on  one  side  and  making  land  on  the  other.  The  stabilizing  of 
the  stream  is  essential,  but  to  accomplish  this  to  the  best  advantage 
will  mean  the  cutting  of  new  channels  in  some  places,  the  building  of 
levees  and  the  change  of  the  river  channel  in  order  to  more  economically 
irrigate  certain  acreages,  all  of  which  may  involve  the  state  boundary. 
Whfle  the  problem  is  not  included  in  the  subjects  coming  under  this 
C!ommis8ion,  nevertheless  the  Commission  deems  it  adriss^le  to  eall  to 
the  attention  of  the  states  of  Arizona  and  California,  the  desirability 
of  creating  a  Joint  Commission  to  work  out  a  satisfactory  solution  of 
the  many  problems  arising  from  these  causes.  It  is  suggested  that  a 
Joint  Commission  to  deal  with  similar  problems  should  be  created  by  the 
states  of  Arizona  and  Nevada. 

The  foregoing,  together  with  Appendixes  A  and  B  eonstitnte  the 
report  of  the  Commission. 

Respectfully  snbmitted^ 

E.  C.  LaRIJE  (Chairman), 
Hydraulic  Engineer, 
TJ.  S.  Geological  Survey, 
Pasadena,  California. 

POETER  J.  PEESTON, 
Project  Manager, 
IT.  S.  Bc^elamaiion  Serviee, 
Ynma,  Arizona. 

H.  E.  TUENEB, 

Irrigation  Engineer  with 

Arizona  State  Water  ConunissioBer, 

Phoenix,  Arizona. 
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ADEQUACY  OF  THE  WATER  SUPPLY 

The  Ari/.ona  Engineering  Commission  was  charged  with  the  duty  of 
determining  how  much  land  in  Arizona  could  be  irrigated  with  the  wa- 
ters of  the  Colorado  River.  The  projects  investigated  by  the  Commis- 
sion embrace  areas  aggregating  more  than  2,000,000  acres.  The  Com- 
mission has  recommended  that  a  detailed  investigation  should  be  made 
to  determine  the  feasibility  of  the  Parker-Gila  Valley  Project  which 
embraees  764,000  aeres  of  land  in  Arizona  and  310,000  aeres  in  Califor- 
nia. It  was  also  recommended  that  the  sum  of  $25,000.00  be  appropri- 
ated for  further  study  of  the  Arizona  High  Line  Canal  Project,  under 
which  it  is  proposed  to  reclaim  2,000,000  aeres.  These  projects  cannot 
be  feasible  now  nor  at  any  future  time  unless  an  adequate  water  sup- 
ply is  available*  The  writer,  therefore,  feels  that  it  is  his  duty  as  a 
member  of  the  Arizona  Engineering  Commission  to  call  attention  to 
certain  facts  regarding  the  flow  of  the  lower  Colorado  iUver  and  its  use 
for  irrigation. 

For  the  purpose  of  this  statement,  the  writer  will  accept  the 
analysis  of  stream  flow  data  giA^en  in  Appendix  B,  of  the  report  '^Prob- 
lems of  Imperial  Valley  and  Vicinity,''  Senate  Document  No.  142,  67th 
Congress,  2nd  Session.  The  table  given  below  appears  on  jmge  37  of 
the  above  named  report. 

Table  No.  9— Averages  1903-1920 

Average  discharge  of  Colorado  River  at  Yuma,  1903-1920 
Diverted  above  by  Yuma  project 

Total  discharge 
Disehacge  of  Gila 


Estimated  at  Boulder  Canyon 
I'ast  depletion  (1) 

Remainder  at  Boulder  Canyon 

Future  depletion 

Development,  upper  basin  I^JSSQfiOO 
Eeservoirs  in  canyon  section  8,079^000 

  6,300,000 

Bemaining  water  MlOjOOO 

(1)  Less  than  given  in  previous  estimates,  because  embracing  a 
shorter  period  of  time. 

The  above  table  shows  that  with  all  demands  for  water  for  irriga- 
tion in  the  upper  basin  satisfied  and  vvitli  reservoirs  built  for  irrigation 
and  power  development,  there  woold  remain  at  Boolder  Canyon  an  aver- 
age annual  flow  of  9,610,000  aere  feet. 

In  Senate  Document  Xo,  142,  referred  to  above,  the  following  as- 
sumptions were  made. 

"Annual  gross  demand  for  irrigation,  gravity  4.^0  acre-feet  per 
aere;  pump,  3.50  ue re-feet  per  acre.  Annual  net  demand  above  Laguna 
Dam,  consumptive  use  3.00  aere-feet  per  aere." 


Acre-feet 

17,400,000 
150,000 


17,550,000 
1,080|000 


16,470,000 
560,000 


15,910,000 
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A  Synopsis  of  Table  No.  12 

(Senate  Doc.  Xo.  142) 


Above 

Below  Laguna  Dam 

La<Tuna 

Gram! 

Dam 

Gravity 

Pumping 

Total 

Acres 

305,000 

1,532,000 

183,000 

2,020,000 

Denuuul  i^ac-ft.  j^ier  acre) 

(Net) 

3.00 

4.40 

3.50 

4,10 

Total  demaud  acre-feet 

915,000 

6,740,000 

ti41,000 

8,300,000 

The  data  ^ivcn  above  show  the  future  annual  sup])lv  at  Boulder 
Canyon  to  be  9,610,000  acre-feet  and  the  annual  demand  for  2,020,000 
to  W  8,300,000  acre-feet.  These  data  indieate  a  surplug  in  supply  of 
1,310,000  aero-feet  annually. 

The  results  of  the  investigations  just  completed  liy  the  Arizona  En- 
.uii-ecriiig  ( 'ommission,  show  the  uee<l  for  further  study  to  determine 
defiiiitely  how  much  Jand  in  Arizona  and  Califcnuia  can  In-  irri^^atod 
with  the  waters  of  the  Colorado  Bivcr.  The  total  area  of  the  projects 
studied  by  the  Commission,  including  low  lands  adjacent  to  the  river, 
was  about  2,600,000  acres  in  Arizona.  If  these  projects  should  be  proven 
feasil>le  at  this  or  any  future  time,  the  flow  of  the  Colorado  below  the 
Graiul  Canyoji  must  be  sufficient  to  serve  aji  area  of  mor<^  than  4,000,- 
00(»  acres.  Assuming  a  duty  of  4.00  acre-fei-t  per  acre  tlie  annual  re(juire- 
lueut  would  be  more  than  lti,000,000  acre-feet.  The  average  supply  be- 
ing 9,610,000  acre-feet,  it  must  be  apparent  that  the  annual  water  sup- 
ply would  be  deficient  by  about  6,000,000  acre-feet.  The  writer,  there- 
fore, wishes  to  call  attention  to  the  nee<l  for  a  broad  investigation,  for 
it  is  his  o]dnion  that  the  water  supply  of  the  Colorado  River  may  not 
1h  sufficient  to  reclaim  the  lauds  which  may  be  found  commercially 
feasible  of  de\elopment. 

If  the  2,000,000  acres  in  the  lower  Gila  Valley  were  irrigated  the  re- 
turn flow  would  pass  down  the  Gila  Eiver  and  reach  the  Colorado  Biver 
below  La^niua  Dam  but  above  the  present  heading  of  the  Imperial 
Canal.  TJiis  return  flow  would  ]»rol)al)ly  amount  to  more  than  1,500,000 
acre-feet  aiuiuallv.  This  wat(M-  would  be  available  for  the  irrigation  of 
lands  in  Mexico.  The  ^\■ater  fr(un  the  Colorado  TJiver  Avould  be  carried 
to  the  Gila  basin  in  concrete  lined  tunnels  and  canals,  the  loss  of  water 
would  be  almost  negligible.  The  greater  part  of  water  now  lost  in  the 
river  channel  below  Grand  Canyon  would  be  saved  and  the  return  flow 
would  be  available  for  use  in  Mexico.  Such  a  plan  of  development 
would  result  in  putting  the  Avater  to  its  liighest  use. 

The  need  for  additional  areas  of  iriigated  land  is  not  especially 
urgent.  It  is,  therefore,  suggestetl  that  sufficient  time  l)e  taken  to  make 
surveys  and  prejtare  a  report  showing  a  eonii)reliensive  plan  for  the  de- 
velopment of  the  Colorado  Biver  as  a  whole. 

Each  year  lands  on  the  Arizon;!  side  of  the  river  are  menaced  by 
the  flood  waters.  The  excellent  land  in  Cibida  Valley,  Arizona,  is  being 
rapidly  destroyed  l»y  the  river.  The  Yuma  Valley  must  fight  the  floods 
each  year  in  order  to  save  its  levees  and  irrigated  lands.  The  Palo 
Verde  Valley  lands  are  also  endangered  by  the  summer  flood  water. 
The  flood  menace  in  the  Imperial  Valley  in  California  and  Mexico  is 
even  more  serious. 

The  floods  should  be  placed  under  coirtrol  as  quickly  as  jiossible. 
The  writer  ^vislies  to  suggest  that  a  detailed  study  should  be  made  of 
the  Mohave  ^'aIlev  reservoir  site  for  in  his  opinion  this  site,  if  developed, 
Mill  solve  the  flood  problem.  •  ...  ..^ 
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The  dam  site  ia  located  in  Mohave  Canyon  about  two  and  one  half 
miles  below  Topock.  The  side  walls  are  composed  of  granite  and  the 
width  between  the  walls  at  the  water  surface  is  240  feet.  A  dam  to 
Kiise  the  Avater  l^o  feet  would  create  a  reservoir  with  a  capacity  of  b,- 
20(»,(iOO  acre-feet  a  capacitv  sufficient  to  cut  the  most  serious  floods  at 
Yuma  to  less  than  aO,000  second-feet,  excepting  floods  from  Gila  Biver. 

The  writer  was  loaned  to  the  State  of  Arizona  by  the  1.  b.  Ueo- 
logical  Survey,  Department  of  the  Interior,  to  assist  that  state  in  solv- 
ui-  its  ].r()blems  involvinu"  the  use  of  the  waters  of  the  Colorado  Eiver. 
He,  therefore,  feels  that  it  is  his  duty  to  state  frankly  his  oiunums  re- 
sulting from  the  investigations  made  by  the  Arizona  Engineering  Com- 
mission. 

1.  The  further  investigations  recommended  by  the  Arizona  En- 
gineering Commission  mav  show  that  it  is  feasible  to  reclaim  by  irriga- 
tion, large  areas  in  Arizona  if  a  proper  plan  for  diverting  the  waters  of 
the  Colorado  Biver  is  worked  out. 

2.  While  the  larger  irrigation  ]irojects  on  the  lower  river  in  Ari- 
zona and  California  may  not  be  feasible  at  this  time,  these  projects  may 
be  feasible  20  or  :\0  yvins  frcnu  now. 

3.  T;iking  the  Colora.lo  Kiver  brisin  as  a  whole,  many  pro.i<-cts  are 
listed  which  are  not  feasible  of  develoiunent  toilay,  yet  it  has  been  sug- 
gested that  the  right  to  divert  water  for  the  development  of  these  pro- 
jects shnl!  never  be  denied. 

4.  The  larger  projects  on  the  lower  river  are  no  more  visionary 
than  certain  i)rojects  in  other  parts  of  the  basin.    It  is,  therefore,  sug- 

•gested  that  a  way  be  found  to  reserve  the  right  to  develop  these  larger 
irrigation  i)rojects  in  Arizona  and  California,  should  they  be  found 
feasible  of  development  at  some  future  time. 

E.  C.  LaKUE. 

APFBNDEE  A 

Duty  of  Water 

It  has  been  assumed  that  3  acre-feet  of  water  per  acre  should  be 
delivered  to  the  land,  to  Avlii.-h  one  acre-foot  per  acre  is  added  to  rover 
waste,  seejiage.  and  evaporation  losses  in  the  conduits,  making  the  gross 
dutv  4  acre-feet  per  acre.  The  gross  diversion  at  the  headgate  to  irri- 
gate 2,000,000  acres  under  the  Arizona  High  Line  Canal  Project,  would 
be  8,000.000  acre-feet,  and  764,000  acres  under  the  Parker-Gila  Valley 
Project,  provided  it  is  considered  as  an  indeiiendent  project  from  the 
High  Line  Canal,  would  require  3,056,00')  acre-feet. 

From  records  of  the  Salt  River  rr(tject  on  the  east  and  the  Yuma 
Project  on  the  Avest,  an  average  has  been  com|uited  to  establish  the 
monthly  use  of  water  for  the  projects  uiuler  consideration.  Table  Xo.  1 
shows  the  distribution  by  months  of  the  Avater  required. 
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STBUOTUBB8 

In  plaujiiu^  the  works  the  goveruiug  features  of  the  High  Line 
Project  are: 

1.  Elevation  of  tlie  irrigable  lands. 

2.  Elevation  of  the  Lone  Mt.  and  XottI»us(-li  passes. 

3.  Elevation  of  the  Williams  River  Reservoir. 

4.  Depth  of  overburden — Diamond  Creek-Big  Sandy  TnnneL 

5.  Elevation  of  the  Colorado  River,  below  Diamond  Creek 

The  controlling  features  of  the  Parker-Gila  Valley  Project  are: 

1.  P^levation  of  irriti:al)le  lands. 

2.  Elevation  of  8i]>hons  across  Gila  River. 

3.  Elevation  of  Parker  Diversion  Dam  on  Colorado  River. 

4.  Puniidng  lift  at  Li^lithouse  Rock. 

The  great  distance  of  the  irrigable  lands  from  the  points  of  diver- 
sion,  together  with  the  controlling  topographic  features,  limited  the 
gradient  of  the  canals  and  tunnels  to  a  minimum  with  resulting  low 
velocities  and  large  cross  sections. 

DAMS 

Colorado  River  Diversion  Dam 

Practically  no  information  is  available  concerning  the  dam  site  in 
the  canyon  of  the  ('olorado  River  just  below  Diamond  Creek  at  the  pro- 
posed diversion  for  tlte  Hi<;h  Line  Canal. 

It  was  assumed,  however,  that  the  cost  of  the  dam  would  not  ex- 
ceed $60,000,000,  half  of  which  may  be  chargeable  to  power. 

Williamft  Rivar  Stmraga  Bam 

The  regulating  reservoir  on  the.  Williams  River  is  a  very  essential 
feature  of  the  High  Line  Canal  Project.    By  using  this  reservoir  to 

regulate  tlie  flow  to  meet  the  demand  for  irrigation,  a  uniform  flow 
may  be  maintained  in  the  Diamond  Creek-Big  Sandy  tunnel. 

The  mass  curve  showing  storage  required  in  the  Williams  River  re- 
servoir is  shown  in  Figure  6, 

An  estimate  lias  been  made  of  a  gravity  tyjn^  dam  for  the  Williams 
River  site.  The  estimated  volume  of  the  dam  is  2,080,000  cubic  vards. 
For  topography  and  cross  section  of  the  Williams  River  dam  site  see 
Figure  7. 

The  walls  of  the  canyon  at  the  dam  site  consist  of  a  gneiss  and 
rhyolite  formation.  The  depth  to  bed-rock  has  been  estimated  not  t6 
exceed  40  feet  below  the  water  surface. 

A  spillway  ea{Micity  of  60,000  second-feet  should  be  provided. 
Parker  Diversion  Dam— Colorado  River 

The  Parker  dam  site,  which  is  located  on  the  (^olorado  River  about 
o^miles  above  Parker  has  been  investigated  bv  the  Peckman-Linden  En- 
gineering Corporation,  Consulting  Eiigineers  of  San  Francisco. 

The  estimated  cost  of  this  dam  is  based  on  the  report  of  the  above 
named  engineering  firm. 
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TUHKELS 

100  Miles  of  Tunnel,  Flan  C 

One  of  the  most  difficult  engineering  features  of  the  High  Line 
Canal  Project  is  the  conveyance  of  water  from  the  point  of  diverrioa 
on  the  Colorado  Biver  to  the  Williams  Biver  Beserroir. 

Two  methods  of  conveying  the  water  from  the  Colorado  Biver  to 
the  Williams  Biver  Beservoir  were  e<m8idered. 

The  first  plan  considered  was  a  caniU  and  tunnel  line,  the  point  of 
diversion  being  located  in  Virgin  Canyon,  17  miles  above  Boulder 
Canyon  dam  site  (Plan  C).  The  elevation  of  the  water  surface  at  the 
proposed  point  of  diversion  is  790  feet  above  sea  level.  In  order  to 
ol)tain  a  grade  of  one  foot  per  mile  in  the  conduit,  leading  to  Williams 
Eiver^  it  would  be  necessary  to  raise  the  water  surface  of  the  Colorado 
Biver  to  elevation  1580  feet 

Sudi  a  conduit  would  have  a  length  of  170  miles,  70  miles  of  which 
would  be  open  canal  and  the  remaiidng  100  miles  would  be  in  tunnel. 

In  order  to  carry  11,000  second-feet  on  a  grade  of  one  foot  to  the 
mile,  it  would  be  necessary  to  construct  a  two-barzel  eoaerete  lined 
tunnel,  each  tunnel  being  34  feet  in  diameter. 

The  open  canal,  concrete  lined,  would  carry  water  to  a  depth  of  25 
feet,  the  width  of  the  canal  on  the  bottom  being  32  feet,  with  a  width 
at  the  water  surface  of  82  feet.  The  cost  of  such  a  conduit  would  be 
about  $317,000,000. 

See  Table  No.  2  and  Figure  8. 

ABIZONA  HIGH  LINE  CANAL  PBOJECT 
TABLE  NO.  2 

ESmfATED  0O8T— MAnr  SOFPIiT  OAWAIr-PIAH  0 
VIBOXN  OANYON  TO  WELLZAM8  EZVE&  BB8BBVOXE 


Concrete 

Structure 

Length 
Miles 

Excavation 
Cu.  Yards 

Lining 
Cu.  Yds. 

Cost 

TUNNELS,  dia,  34' 
Twin  bores 

100 

42,000,000 

6,920,000 

$300,200,000 

CANAL 

Earth  excavation 

52.5 

15,225,000 

766,500 

9,949,000 

CANAL 
Boek  Excavation 

17.5 

4,375,000 

2511,000 

6,895,000 

TOTALS 

170 

61,600,000 

7,938,500 

$317,044,000 

Diamond  Creek-Big  Sandy  Tunnel 

It  will  be  noted  that  Plan  C  involves  the  construction  of  a  conduit 
with  tunnels  aggregating  100  miles  in  length  and  70  miles  of  open  canal. 
The  cost  of  sueh  a  eonduit  would  be  prohibitive.  A  shorter  route  for 
the  eonduit  leading  to  Williams  Eiver  Eeservoir  was  found  by  assuming 
the  diversion  at  a  point  on  the  Colorado  Eiver,  12  miles  below  Diamond 
Creek.  The  water  can  be  conveyed  to  the  Williams  Eiver  Eeservoir  by 
a  tunnel  92  miles  in  length.  An  intensive  study  was  made  as  to  the 
practicability  of  constructing  a  tunnel  of  the  unprecedented  length  of 
92  miles. 

The  Diamond  Creek-Big  Sandy  Tunnel  is  loeated  below  elevation 
2,000  feet. 


EN6INEEBING  COMMISSION 


47 


^  cor    5ec  4 


Sec.  9 


CW039  StCTiON  Or  WILUAMS  KlVCR  DAM  SiTC  *C«M  r'M* 


EN6IN££BING  COMMISSION 


49 


By  reference  to  Bulletin  435  of  the  I''".  8.  Geological  Survey  by  N. 
H.  Darton,  it  will  l)e  observed  that  below  elevation  2000  feet,  the  forma- 
tion is  granite,  wliirh  is  favorable  for  the  construction  of  deep  tunnels. 

Another  important  factor  is  the  time  required  to  construct  suck  a 
long  tunnel.  The  alignment  was  planned  so  that  the  majcimum  number 
of  headings  eould  be  used  with  shafts  of  a  minimum  d^iifth.  It  was 
found  that  six  shafts  could  l)e  located  with  a  total  depth  of  9500  feet, 
with  a  maximum  depth  of  shaft  of  1900  feet,  which  would  divide  the 
tunnel  into  lengths  varying  from  4  miles  to  16  miles.  With  a  grade  of 
4  feet  per  mile,  it  would  require  one  concrete  lined  lK)re  34  feet  in 
diameter  of  standard  horseshoe  type  to  carry  11,000  second-feet  of 
water. 

It  is  interesting  to  note  that  in  the  Catskill  Water  Supply  System, 
two  tunnels  were  eonstrueted,  one  18  miles  in  length  and  the  other  18.1 

miles,  with  shafts  ranging  from  108  to  1187  feet  in  depth.  The  Shen- 
(la ken  Tunnel,  recently  completed,  is  the  Avorld 's  longest  continuous 
tunnel,  being  18.1  miles  long.  8even  sliafts  aggregating  3,238  lineal 
feet  were  employed  during  construction  or  an  average  of  180  lineal  feet 
of  shaft  per  mile  of  tuuuel.  In  our  proposed  tunnel,  six  shafts  aggre- 
gating 9500  lineal  feet  would  be  required  or  less  than  104  lineal  feet  of 
^aft  per  mile  of  tunnel.  These  shafts  would  permit  of  14  main  head* 
iugs  to  be  worked  simultaneously.  The  Xiagara  Falls  Pressure  Tunnel 
completed  this  year  has  a  diameter  of  32  feet.  With  the  ])ioneer  tunnel 
system  such  as  used  ou  the  .l-mile  Rogers  Pass  tunnel  on  the  Canadian 
I'acific  iiailway,  other  headings  could  be  opened  as  needed  by  means 
of  erosseuts.  It  is  estimated  that  the  Diamond  Creek-Big  Sandy  tunnel 
could  be  completed  in  ten  years,  which  is  the  time  estimated  to  build 
the  Colorado  Biver  diversion  dam. 

It  is  proposed  to  line  the  tunnel  with  concrete,  the  minimum  thick- 
ness to  lie  12  inches  and  tlie  average  thickness  18  inches.  The  estimated 
volume  of  concrete  in  the  lining  is  3,183,000  cubic  yards. 

The  rock  excavation  in  the  tuiuiel  is  estimated  to  be  20,424,000 
cubic  yards.  A  jiart  of  this  material  may  be  used  in  the  construction  of 
the  Colorado  Kiver  J)iversi()ii  Dam  aiul  the  William  Elver  storage  dam. 

The  Diamond  Creek-Big  bandy  Tuuuel  of  the  Arizona  High  Line 
Canal  Project  was  designed  as  a  single  bore,  this  being  the  most 
economical  from  the  cost  point  of  view. 

It  is  realized  that,  in  practice,  a  continuous  flow  of  11,000  second- 
feet  of  water  might  not  be  maintained  throughout  the  year  in  a  single 

bore  tunnel  and  that  it  might  be  necessary  to  close  down  the  tunnel  for 
repairs,  one  or  two  months  during  the  yeai'.  This  would  cause  a  re- 
duction of  tiie  water  delivered  to  the  land.  If  the  construction  of  this 
project  were  to  be  undertaken,  it  might  be  advisable  to  design  twin 
bores  of  smaller  diameter  instead  of  a  single  bore  as  estimated. 

A  profile  and  section  of  the  Diamond  Creek-Big  Sandy  Tunnel  is 
shown  in  Figure  9. 

Table  No.  7  shows  the  properties  of  tunnels  on  the  Parker-Gila 
A^tlley  Project  and  Table  No.  16  gives  the  same  data  for  tunnels  on  the 
High  Line  Canal  Project. 

CANAL  COKSTBUOnON 

Attention  should  be  directed  to  the  faet  that  in  keeping  with  the 
whole  report^  very  conservative  methods  were  used  to  estimate  the  canal 
eosts.  The  average  transverse  slope  was  assumed  to  be  2%  and  an 
economic  cut  was  used  throughout.  This  is  an  ideal  condition  that 
Mould  never  be  attained  even  in  flat,  level,  country. 
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It  should  also  be  pointed  out  that  the  lengths  of  canals  as  deter- 
mined by  paper  location  would  be  increased  if  location  sonreys  were 

"^^^ Taking  these  various  factors  into  consideration,  estimates  based  on 
location  surveys  would  increase  the  cost  of  the  canals. 

Surface  Drainage 

Much  of  the  desert  country  traversed  by  the  canals  considered  in 
this  report  is  subject  to  heavy  torrential  storms,  which  occur  with  irre- 
^lar  frequency*  While  the  aggregate  run-off  from  this  source  is  small, 
it  diould  be  remembered  that  the  rate  of  runoff  is  very  high. 

This  condition  has  resulted  in  a  multiude  of  sand  washes,  ranging 
from  5  to  200  feet  in  width  and  draining  in  a  direction  at  right  angles 
to  the  canal.  Each  one  of  these  washes  is  a  menace  to  the  safe  opera- 
tion of  a  canal.  Such  menace  varying  with  the  sise  of  the  waril  and 
the  rate  of  run-off. 

It  is  believed  that  the  proper  method  of  taking  care  of  this  croM- 
drainage  is  by  the  use  of  inverted  siphons,  culverts  and  flumes.  At 
many  locations  above  the  canals,  a  number  of  smaller  washes  can  be 
diverted  into  one  large  wash,  under  Avhieh  the  canal  would  be  carried 
through  a  spihon.  One  reason  for  adopting  this  plan  would  be  the  ad- 
ditional protection  it  offers  to  farms  below  the  canal,  making  possible 
the  reclamation  of  considerable  acreage  now  cut  up  into , small  tmcts  by 
these  washes.  At  favorable  locations,  use  can  be  made  of  culverts  un- 
der the  canals  or  flumes  over  them. 

It  is  thought  that  a  fair  estimate  of  the  structures  necessary  to 
take  care  of  this  cross  surface  drainage  would  be  to  assume  that,  on  the 
average,  it  would  be  neccssarv  to  construct  a  siphon  150  feet  long  every 
two  miles,  and  one  minor  structure,  such  as  a  culvert  or  flume,  every 
two  miles.  The  estimated  cost  includes  the  excavation  of  material 
necessary  to  divert  all  the  surface  drainage  to  these  cross  drainage 
structures. 

Culverts  are  to  be  avoided  as  much  as  possible,  as  they  are  essen^ 
tially  pressure  conduits  and  tend  to  fill  up  with  debris  as  the  flow  of 
storm  water  subsides,  or  they  may  become  clogged  during  the  storm 
causing  the  water  to  overflow  into  the  canal  with  attendant  damage. 

Steel  Siphons 

The  cost  estimates  are  based  on  designs  which  call  for  reinforced 
concrete  siphons  for  heads  less  than  80  feet  and  steel  siphons  for  heads 
greater  than  80  feet.  To  facilitate  maintenance,  these  steel  siphons  are 
desipued  to  be  supported  above  ground  on  ^•<>^i*^rete  piers  The  only 
exception  being  the  Gila  River  siphon  on  the  Parker-Gila  Valley  project. 
On  this  siphon  where  the  pipes  cross  the  channel  it  is  proposed  to  bury 
them  under  the  river  bed  after  protecting  the  steel  with  an  external 
coat  of  reinforced  concrete  having  a  minimum  thickness  of  6  inches 

Tables  Nos.  8  and  17  give  the  principal  features  and  costs  of  steel 
siphons  on  the  Parker-Gila  Valley  and  the  High  Line  Canal  projects, 
respectively- 

Goncrele  Uning 

Concrete  lining  has  been  estimated  for  all  canals  having  a  capacity 
of  200-second-feet  or  more.   The  use  of  concrete  lining  has  the  following 

advantage^s^.^^^  less  resistance  to  flow  than  an  earth  canal,  hence  the 

section  may  be  made  smaller.  ,  .     ^.i.  .,.„t.^ 

2.   Lessens  the  danger  from  breaks,  and  permits  carrying  the  water 
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ARlZOhA  HIGH  LIME  CAMAL 

SUPPLY  COMDUIT 
Fkom    GoLoeAoa  fSivcK   to  Wjlliams    l^ivcfs  kfc^cevote 


rics 

TYPE 

A  (each,  bori-l 

c 

Baifnm  WiAfh  in  ff. 

4A 

32 

Depfh                in  ft. 

28 

25 

25 

Hyrf.  Pn/^.  .nff 

10.4 

13.9 

Area  of  Wafgr  ng  ft  

852 

1425 

82 

103 

103 

Vaiu^  nf  -n" 

.014 

.0)4 

.014 

^  lap  IT'. 

.0002 

.0002 

.oooe 

Fq/I  in  ft  pmr  milf! 

1.06 

1.06 

1.06 

V/^lorify-  ft  p«r  ser 

7.93 

8.07 

Qminit-ij  in  <%gg  ft. 

1 1.000 

11.60O 

r.tc..- cu  yrtt  ffmr  mita  

210.000 

2.5Q.00Q 
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further  :il)ove  the  groond  surface^  thus  lessening  the  amount  of  exeava* 
tion  required. 

8.  Lessens  loss  ]>y  seepajre.  Tn  systems  of  tlie  magnitude  described 
in  this  report,  the  loss  in  an  unliued  ennal  would  undcuilittHllv  exceed 
BOVr  of  the  amount  diverted.  This  Avould  necessitate  lieadworks  and 
Bujjply  conduits  of  at  least  oQ%  greater  capacity,  and  the  question  of 
water  supply  would  become  serious.  The  seepage  water  from  earth 
canals  would  water-log  large  areas  of  ad^ieent  farm  land. 

4.  Breaks  are  less  liable  to  occur  than  in  an  earth  canal  system 

and  the  danian^e  from  any  break  that  may  occur  would  be  less,  due  tO 

the  smaller  amount  of  ]>onda^e  between  Avasteways, 

5.  Lessens  ^rowth  of  aquatic  i»lants.  In  an  unlined  system  based 
on  the  eontrollino  features  as  outlined,  the  velocities  would  be  so  low 
that  vegetabU^  <;rowtlis  would  thrive,  making  maintenance  expensive. 

AfilZONA  HIGH  LINE  CANAL  PROJECT 

TABLE  NO.  3 
CONCRETE  LININGS 


Uepth  of 
Water 

Average 
Thickness 

Freeboard 
on  Lining 

Total 
Freeboard 

Feet 

Inches 

Inches 

Feet 

5   to  9 

3 

6 

2 

10    to  14 

4 

6 

2 

15    to  19 

5 

12 

3 

20    to  24 

(5 

12 

4 

2.1    to  29 

7 

18 

5 

30    to  35 

8 

18 

6 

POWER  PLANTS 

Parker-Gila  Valley  Project 

There  are  three  power  sites  on  this  project.  At  the  diversion  dam, 
about  five  miles  i:orth  of  Parker,  there  will  be  a  drop  of  DO  feet  for  the 
water  passing  the  dam.  It  is  assumed  that  tlie  Colorado  Biver  will  be 
regulated  by  a  dam  somewhere  above  the  Parker  diversion  dam,  which 
will  reduce  the  mean  maximum  flow  in  the  river  below  the  Parker  di- 
version dam  to  10,000  second*feet.  With  this  amount  passing  through 
the  power  plant,  82,000  horse  power  can  be  developed.  Lesser  amounts 
of  power  can  be  develo])ed  at  the  lieservation  and  Cibola  sites,  where 
water  is  released  from  the  main  canal  to  supply  the  low  iyiag  areas 
along  the  river. 

At  all  three  power  plants,  the  period  when  the  maximum  amount  of 
water  is  available  for  power  is  coincident  with  the  pea£  demand  for 

power  at  the  two  pumping  plants,  and  since  enough  ]>ower  cannot  be  de- 
veloi)ed  in  tJiis  project  to  meet  this  demand,  the  installed  capacit}^  in  all 
tliree  power  jtlants  has  been  assumed  large  enough  to  handle  the  max- 
imum flow.    JSee  Table  No,  5. 

High  Line  Canal  Project  _ 

Two  drops  occur  on  the  canal  system  where  power  can  be  developed. 
One  is  at  the  Gila  River  crossing,  and  the  other  is  on  the  Palomas 
Lateral,  where  it  enters  Xottbuscli  Valley. 

In  estimating  the  value  of  these  plants  as  revenue  producers,  the 
installed  capacities  have  been  assumed  which  correspond  to  the  flow  of 
water  available  for  50%  of  the  time.  By  taking  a  liberal  view  of  the 
possibilities  of  the  project,  it  has  been  assumed  that  the  total  output 
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of  thetie  plaBts  ean  be  sold  at  a  price  of  one  half  eent  per  K.  W.  H.  at 
the  point  of  production.  Table  No.  24  givea  a  summary  of  the  princi- 
pal features  of  these  two  plants. 

PUMSIHO  mJXTB 

Pumping  is  confined  to  the  Parker-Gila  Valley  Project,  for  which 
two  plants  are  j^vided.   The  Parker  Mesa  plant,  which  is  to  lift  60 

second-feet  under  a  head  of  165  feet,  requires  1460  horse  power.  This 
plant,  however,  is  small  in  comparison  with  the  Lighthouse  Kock  pump- 
ing plant,  where  the  lift  is  200  feet  and  the  capacity  is  5-iOO  second-feet. 
At  this  plant  the  power  required  at  the  pumps  is  160,000  horse  power. 
Each  of  the  ten  units  assumed  for  this  installation  would  consist  of  a 
16,000  horse  power  motor  direct-connected  to  a  centrifugal  pump  having 
a  capacity  of  540  cuhic  feet  per  second.  See  Table  No.  6. 

TRANSMISSION  LINE 

A  transmission  line  87  miles  long  will  be  required  on  the  Parker- 
Gila  Valley  Project  to  transmit  power  from  the  Parker  power  plant,  at 
the  diversion  dam,  to  the  Lighthouse  Bock  pumping  plant.  The  power 
which  must  be  purchased  to  make  up  the  difference  between  the  amount 
required  by  the  pumping  plants  and  the  amount  that  can  be  generated, 
can  also  be  carried  over  this  line. 

TVaOHMSB  OF  POWBB 

The  amount  of  energy  which  must  be  purchased  totals  458,600,000 
K.  W.  H.  per  annum.  The  peak  demand  Avould  come  in  the  summer, 
and  the  minimum  demand  would  occur  during  the  months  of  December 

and  January. 

It  has  "been  assuuu'd  that  this  power  can  be  purchased  at  a  price 
of  %  of  a  cent  per  iv.  W.  H.  at  the  pumping  plant. 

UNIT  COSTS 

In  determining  the  unit  costs  for  these  projects,  data  were  obtained 
from  constriu-tion  contractors  and  engineers  as  -well  as  from  recent  cost 
records  of  actual  work  ])crformed  by  the  government  and  by  pivate  or- 
ganizations, dealing  with  large  works. 

In  works  of  the  magnitude  of  these  projects,  it  is  reasonable  to  as- 
sume that  records  for  construction  would  be  lowered  as  to^  speed  and 
cost,  due  to  improved  methods  and  specially  designed  machinery.  Ma- 
terials could  be  purchased  at  the  lowest  market  prices  on  account  of  the 
enormous  quantities  involved. 

Table  No.  4  gives  the  principal  unit  costs  used. 

TABLE  NO.  4 
UNIT  COSTS 


Kind  of  Work 


Tunnel  Excavation 

Tunnel  Shafts 

Concrete  Lining 

Eeinforced  Concrete  in  Pipes 

Eeinforced  Concrete  Transitions 

Keinforced  Concrete  Siphon  Piers 

Plain  Concrete 

Canal  Excavation,  Eock 

Canal  Excavation,  Earth 


Unit 

Unit  Cost 

Cu.  Yd. 

$5.00-$5.50 

Lin.  Ft. 

120.00 

Cu..  Yd. 

10.00 

it 

23.00 

ti  it 

16.00 

ti  it 

14.00 

i  (  it 

10.00 

<  i  a 

1.00 

0.15 
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Ave.  thickness  of 
Concrete  Lm in j ■ 

16  inchts 
Minimum  tWcknessj 


KMi 


PRMimES 

S-  000757 
4'  per  Mr. 

28* 

ia4' 

12  9* 

ou 

862  Sq  F+. 
11,000  Sec  Ft. 

ElC  per  Mi  -  Z  I  0,000  Cii.YJs 


Ml 


I5|t««5         M3ft'0        4»3O         93«0«9         TOT*  •« 

moriix  m  oiamonp  creek  -  big  sanov  mvgm  twmnc^ 


El  I47( 
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TABLE  NO.  5 


POWEK  pijurxs 


Name 

Head 
Pt. 

Capacity 
H.  P. 

Coat 

Parker 

Eeservation 

Cibola 

90 
80 
150 

82,000 
5,700 
1,700 

$2,870,000 
513,000 
221,000 

89,400 

$3,604,000 

TABLB  VO.  6 

PUMPING  PliANTS 

Name 

Lift  Capacity 
Pt.          Sec  Pt. 

Capacity 
H.  P. 

Cost 

Parker  Mesa 
Lighthouse  Boek 

165  eo 

200  5400 

1,460 
160,000 

• 

$  135,000 
4,580,000 

161,460 

$4,715,000 
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PARKER-GILA  VALLEY  PROJECT 


Type  W 

MMlrnum  Tunnel  Section 
Average  Thickness  Lining*  9* 
Minimum  ThiGkMSft«l2* 


Type  B 

Maximum  Canal    Section   in  Rock 


Type  V 

Maximum  Canal  Section  in  Other  Material  than  Rock 


Properties 


TYPE 

.  A 

B 

c 

Bottom  width  in  fset 

60 

58 

Depth  in  feet 

2s 

Z3 

20 

Hjrd.  Red.  in  feet 

lO.I 

13.8 

13  6 

Water  Section  in  sq.ft 

azz 

1573 

1560 

Wetted  Perimeter  infect 

81.4 

114 

115 

Value  of  'n' 

.014 

.014 

014 

Slope 

.O00I9 

oooos 

.00OO5 

Fall  in  feet  per  mile 

1 

.264 

264 

Velocity  in  feet  oer  second 

6.55 

4.36 

432 

Oischer««  in  aecfect 

•sao 

6080 

6740 

ExcevBtion  in  cu.^ds  per  mile 

1  9S.0OO 

I62.550 

I  65.000 

Concrete  Linina  in  cu.^5.  per  mile 

34.500 

11.360 

II.340 

Rgure  K) 
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AnizONA  HiftH  Unc  Canal  Pmjcct 

MAlfl  SmVLV  BetOMf  WILLIAMS  Rtvtii  RCWItVOHl 


Type  A 

Twin  Bores  Required 

Average  Thickness  Lining  ■  18" 
Min.  Thickness*  12" 

Maximum  T^nnal  Sectten 


Type  "b" 
Maximum  Canal   Section  in  Rock 

Average  Thicknees  Lining  •  8" 


Type  C 

Maximum  Canal  Section  in  Other  Material  than  Rack 
Avcregt  IMtneea  Lining  >  •* 


Properties 


Type 

c 

Bottom  width  in  feet 

flo 

Depth  in  feet 

30 

54 

29.2 

Hyd.  Red.  in  feet 

10.7 

19.7 

19  6 

Water  Section  in  ft. 

932 

3200 

3189 

Wetted  Perimeter   in  feet 

87 

162 

163 

Value  of  -n" 

.014 

.014 

.014 

Slope 

.00038 

.00005 

oooos 

Fait  in  feet  per  mile 

2 

264 

.264 

Velocity  in  feet  per  second 

9.40 

5.46 

543 

Discharqe   in   sec. feet 

8760 

17500 

(7300 

Excavation  in  cu.vds  per  mile 

224.000 

315.000 

316,000 

Concrete  Lining  >n  cu.jrds.  per  mile 

35.500 

21,700 

21,800 

Flfura  11 
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PABKEB-OILA  VALLEY  PBOJECT 
TABU  MO.  8 

SXE£I.  SIPHONS 


JJia   Pioes  ^o. 

Xv/  \JL  %j  \,\.     -A  \j  J 

Xaiiie  Miles 

l^t.  Pipes 

Sec.  Ft. 

Cost 

Osborne  Wask  0.2 

19  2 

6600 

$  253,000 

Gila  Kiver  5.0 

13  4 

3600 

8,739,000 

TOTAL  COST 

$8JH)2,000 

Mno.  a 

TABLE  NO.  9 

ooBT  cnhhibbtb 

ttimoiiB 

Canal  Capaeity 

Sec,  Pt, 

No.  Sii^ona 

Cost  £aeh 

Total  Cost 

6000  to  7000 

13 

$102,000 

$1,325,000 

5000  to  6000 

32 

94^ 

3,010,000 

otUU    to  -dUUIJ 

i:uoo  to  3000  ■ 

42 

63,000 

2,645,000 

KtOO  to  2000 

21 

48,000 

1,010,000 

Lt'ss  than  1000 

85 

20,000 

1,700,000 

#9,690,000 

PARKS 

at-GILA  VALLEY 

PBOJBCT 

ft 

TABLE  NO.  10 

WA8TBWATS 

? 

Capacity 

Name 

See.  Ft 

Cost 

•C'astle  Dome  Landing 

5400 

$  83,000 

Norton 

1000 

35,000 

'  •  Wellton 

2800 

60,000 

Mohawk 

1500 

44,000 

Miaeellaneona 

100,000 

TOTAL  COST 

$322,000 
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TAMMm  HO.  11 


BAILROAD  CB08SXNOS 

Name 

Capacity 
Sec*  Ft. 

Cost 

c?;ujta  xe 

6500 

$  45,000 

S.  P. 

200 

8,000 

$  53,000 

PABKEB-GILA  VALLEY  P&OJSCT 

TABLE  NO.  12 

rnVXRON  WOBXS 

Name 

Capacity 
See*  Ft. 

Cost 

M?  ggins 

4900 

$  95,000 

3600 

81,000 

$176,000 

TABLE  HO.  13 

MISC.  GROSS  DBAINAGE  : 

PLUMBS 

Canal  Capacity 
Sec.  Ft. 

No.  Siphons 

Cost  Each 

Total  Cost 

HOOD   to  7000 

14 

$14,000 

'  . 

$  196,000 

5000   to  GOOO 

31 

13,000 

403,000 

3000   to  4000 

1 

10,000 

10,000 

2000  to  3000 

.  42 

8,700 

365,000 

1000  to  2000 

21 

7,000 

147,000 

Less  than  1000 

85 

3^ 

323,000^ 

$1,441,000 
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BEPOBT  OF  ABIZONA 


hILA  VAX.LBT  PROJECT 

TABLE  NO.  15 

8UMMABY  or  COSTS 


PAKKEE  DAM  (Ihc.  Headworks) 

POWEE  PLANTS 
Colorado  Kiver 
Koservation  ■ 
(Jibola 


$  4,700,000       $  4,700,000 


2,870.000 
513,000 
221,000 


TBAN8MI8SION  LINE,  87  Mi.  @  $20,000  1,740,000 


i'UMPlXG  PLANTS 
Parker  Mesa 
Lighthouse  Boek 

TUNNELS 

Lighthouse  Eoek 
Muggins 
Miscellaneous 

SIPHONS 
Osborne 
Gila  Kiver 
Misc.  (Short  Siphons) 

MISCELLANEOUS  STBUCTUBES 
Wastewavs 
11,  R.  Crossings 
Division  Works 
Cross  Drainage  Flumes 

MAIN  CANAL  SYSTEM 
Excavation 
Lining 

LATEBAL  SYSTEM  764,000  ieres  @  $15 

CONTINGENCIES  15% 


135,000 
'  4,580,000 

21,370,000 
6,150,000 
5,782,000 

25o,000 
8,739,000 
9,690,000 

'  322,000 

5;;,ooo 
:  i76,oao 

1,444,000 

6,312,000 
19,40o,000 

11,460,000 

15,887,000 


3,604,000 
1,740,000 

4,715,000 


33,302,000 


18,682,00^ 


1,995,000 

25,715,000 
11,460,000 
15,887,000 
$121,800,000 


TOTAL  CON8TEUCTION  COST 

Less  proportion  of  Dam  chargeable  to  Cali- 
fornia 2,000,006 

Less  charge  of  $100  per  acre  against 
124,000  acres  in  Parker  and  Cibola 
Valleys  12,400,000 

COST  OF  640,000  ACBES  AT  $16ft00 

COST  OF  OPEBATION— POWEE  AND  PUMPING  PLANTS 
Salaries  $  46,000 

Maintenance  and  Depreciation  235,000 
Purchase  of  Power  3,440,000 


14,400,000 
$107,400,000 


TOTAL 


$3,721,000  per  annom 


Cost  of  pumping  per  acre  served  $5.82  per  an^ont 
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B3BPOET  OF  ARIZONA 


ABIZONA  HIGH  LINE  CANAL  PROJECT 
TABLE  NO.  17 
STEEL  SIPHONS 


Name 

Leugth 
Miiea 

Dia. 

Pipes 
Ft. 

No. 
Pipes 

Capacity 
See.  Ft. 

Total 
Cost 

Woolsej  Peak 
Gila  Biver 
Hasaayampa 

1.3 
3.0 
0.5 

18 
14 
14 

3 
*> 

1 

8,900 

3,200 
650 

$2,414,000 
1,220.000 
102,000 

TOTAL 


ABIZONA  HIGH  LINE  CANAL  PROJECT 
TABLE  NO.  18 
mSC.  SHORT  CONCRETE  SIPHONS 


Caual  Capacity 
See.  Ft. 


Xo.  Siphons 


Cost  Each 


Above  ]  6,000 

8,000  to  10,000 

4.000  to  6,000 

3,000  to  4,000 

2,000  to  3,000 

1,000  to  2,000 

Below  1,000 

TOTAL 


19 
16 
42 
44 
31 
69 
272 


$160,000 
.120,000 
89,600 
75,000 
63,000 
49,000 
10,000 


$3,736,000 


ARIZONA  HIGH  LINE  CANAL  PROJECT 
TABLE  NO.  19 
WAAZSWAY8 


Total  Cost 


$3,040,000 
1,920,000 
3,760,000 
3,300,000 

1,950,000 
3,380,000 
2,720,000 


$20,070,000 


Name 


Capacity 
Sec.  Ft. 


Cost 


Ciinuingham  Wash 
Centennial  Wash 
Woolsey  Peak 

8.  P.  Crossing 
De adman  Gap 
Gila  Bend 
Sentinel 
Eagle  Tank 
Mohawk 
Nottbnaeh 
Lone  Mt. 
Kassayampa 
Miseellaneona 


17,500 
9,500 
9,000 
3,000 

2,500 
5,000 
4,000 
3,000 
2,000 
2,500 
2,000 
1,500 


295,000 

220,000 
215,000 
125,000 
112,000 
160,000 
142,000 
125,000 
100,000 
112,000 
100,000 
88,000 
250,000 


$2,044,000 
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ARIZONA  HIGH  LINE  CANAL  PBOJBOT 
XABLBNO*  20 
RAILROAD  CBOSSnraS 


2same 


Capacity 
Sec.  Ft. 


Santa  Fe 
«.  P. 
S.  P. 
S.  P. 
ti.  P. 

s.  p. 
s.  p. 

T.  C.  &  O.  B. 


17,000 
3,000 
5,200 
5,000 
4^800 
4,500 
^500 
2,500 


TOTAL 


TABLE  NO.  21 
DIVISIOK  WORKS 


Cost 


$  80,000 
25,000 
42,000 
40,000 
38,000 
36,000 
36,000 
21,000 


$318,000 


Xame 

Capacity 
Sec.  Ft. 

Cost 

Remarks 

L(  ue  Mt, 

16,500 

$400,000 

3  way  structure 

Kottbusch 

5,000 

100,000 

V/oolsey  Peak 

8,900 

200,000 

TOTAL 


$700,000 


ABXEONA 


mOH  LINB  O  AVAL  PBUnSCT 
TABLE  NO.  22 
DBAINACHB  FLUMBS 


Capacity 
Canal 


Number 
Struetures 


Cost  Per 
Struetore 


Total 
Cost 


Sec. 
Above 
8,000  to 

4,000  to 

3,000  to 
2.000  to 
1  ()00  to 
Below 


Ft. 

16,000 
10,000 

6,000 
4,000 

3,000 
2,000 
1,000 


20 
15 

42 
44 


-^1 


o 
69 
272 


$22,000 

16,000 
12,000 
'  10,000 
9,000 
7,000 
4,000 


t  440,000 

240,000 
504,000 
440,000 
279,000 
483,000 
1,090,000 


TOTAL 


$3,476,000 
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ENGINEEKING  COMMISSION 


ABIEOVA  BWH  UOfflB  CANAL  PSOJSOT 
TABU  NO.  2A 

POWER  PLANTS 


Name  of  Plant 


Gila  River 


Nottbuseh 


Head  in  Feet 

Flow  avaUable  50%  of  time 

Inatalled  Capacity 

Cost  per  Inatalled  IL  P. 

TOTAL  COST 

Max.  Output  per  Annum  K.  W.  H. 
Bevenae  @  $0,005  per  K.  W.  H. 
Operation      and     Maintenance  ( 

$0,001  per  K.  W.  H. 
Interest  and  Depreciation  @  9% 
Net  Profits 


252 

4,320  S.  F. 
92,800  H.  P. 


150 
1,860  S.  F, 
23,800  H.  P. 


$  43.00 

$  58.00 

$  3^0,000 

$  1^80,000 

458,000,000 

118,000,000 

$  2^0,000 

$  590,000 

$  458,000 

$  118,000 

$  359,000 

$  124,000 

$  1,473,000 

$  348,000 

Value  of  Plant— Net  Pirofitg  Capital- 
ised @  6% 


$24,550,000        $  5,800,000 
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72  BEPOBT  OF  ARIZONA 

AUZOHA  HIGH  UME  O  ANAL  PBOJBtiT 
TABLE  NO.  26 

SUMIIA&Y  or  COSTS 

DAMS  Cost 
Colorado  Biver  (50%  eo8t}  $  30,000,000 

WiUlamB  Biver  22,000,000 

TUNNELS 

Diamond  Creek-Big  ISaiuly  $146,502,000 

Williams  Eiver-Bousu  Valley  70^568,000 

Harquahala  2,950,000 

Miseellaneoiui  13,351,000 

SIPHONS 

Woolsey  Peak  $  2,414,000 

Gila  Kiver  1,220,000 

Hassayampa  102,000 

Misc.  (Short  Siphons)  20,070,000 


MISCELLANEOUS  STBUCTUBE8 

Wasteways  $  2,044,000 

E.  R.  Crossings  318,000 

Division  Works  700,000 

Cross  Drainage  Plumes  3,476,000 


MAIN  CANAL  SYSTEM 

Exeavation  and  Conerete  Lining  $  57,152,000 

Gillespie  Bam  (Bight  of  Way)  2,000,000 

LATEEAL  SYSTEM 

2,000,000  aeres  @  $15.00 


TOTAL  COST 

Contingencies  15% 

Additional  Contingeneiea 

(Diamond  Creek-Big  Sandy  Tunnel  10%) 


(Cross  Cost  per  acre  $233.00) 

CREDIT  FOR  POWEB  ASSETS 

Gila  Eiver  site  $  24,550,000 

Nottbnseh  site  5,800,000 


Total  Cost 
$  52,000,000 

$233,371,000 

$  23,800,000 

$  6,538,000 

$  59,152,000 

30,000,000 

$404,867,000 
60,730,000 

14,«00,000 

$480,197,000 

$  30,350,000 


Net  cost  per  acre  ^25.00 


$449,847,000 


